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METHOD AND DEVICE FOR 
TRANSMISSION AND RECEPTION OF 
TIME - FREQUENCY RESOURCES 

TECHNICAL FIELD 
[ 0001 ] Embodiments herein relate to a method and a first 
communication node for performing any one of transmission 
and reception in at least one of : a first set of time - frequency 
resources in a frame of time - frequency resources , and a 
second set of time - frequency resources in the frame . 
Embodiments herein further relate to computer programs 
and computer - readable storage mediums , having stored 
thereon the computer programs to carry out the method . 

BACKGROUND 
[ 0002 ] Communication devices such as wireless devices 
are also known as e . g . User Equipments ( UE ) , mobile 
terminals , wireless terminals , terminals and / or mobile sta 
tions . Wireless devices are enabled to communicate wire 
lessly in a communications network or wireless communi 
cation system , sometimes also referred to as a radio system 
or networks . The communication may be performed e . g . 
between two wireless devices , between a wireless device 
and a regular telephone and / or between a wireless device 
and a server via a Radio Access Network ( RAN ) and 
possibly one or more core networks , comprised within the 
communications network . 
[ 0003 ] Wireless devices may further be referred to as 
mobile telephones , cellular telephones , laptops , or surf 
plates with wireless capability , just to mention some further 
examples . The terminals in the present context may be , for 
example , portable , pocket - storable , hand - held , computer 
comprised , or vehicle - mounted mobile devices , enabled to 
communicate voice and / or data , via the RAN , with another 
entity , such as another terminal or a server . 
[ 0004 ] The communications network may cover a geo 
graphical area which may be divided into cell areas , wherein 
each cell area being served by an access node such as a base 
station or network node , e . g . a Radio Base Station ( RBS ) , 
which sometimes may be referred to as e . g . " NB " , " eNo 
deB ” , “ NodeB ” , “ B node ” , or BTS ( Base Transceiver Sta 
tion ) , depending on the technology and terminology used . 
The base stations may be of different classes such as e . g . 
macro eNodeB , home eNodeB or pico base station , based on 
transmission power and thereby also cell size . A cell is the 
geographical area where radio coverage is provided by the 
base station at a base station site . One base station , situated 
on the base station site , may serve one or several cells . 
Further , each base station may support one or several 
communication technologies . The base stations communi 
cate over the air interface operating on radio frequencies 
with the terminals within range of the base stations . In the 
context of this disclosure , the expression Downlink ( DL ) is 
used for the transmission path from the base station to the 
mobile station . The expression Uplink ( UL ) is used for the 
transmission path in the opposite direction i . e . from the 
mobile station to the base station . 
0005 A Universal Mobile Telecommunications System 

( UMTS ) is a third generation mobile communication sys 
tem , which evolved from the second generation ( 2G ) Global 
System for Mobile Communications ( GSM ) . The UMTS 
Terrestrial RAN ( UTRAN ) , is essentially a RAN using 
Wideband Code Division Multiple Access ( WCDMA ) , and 

or High Speed Packet Access ( HSPA ) , for UEs . In a forum 
known as the Third Generation Partnership Project ( 3GPP ) , 
telecommunications suppliers propose and agree upon stan 
dards for third generation networks and UTRAN specifi 
cally , and investigate enhanced data rate and radio capacity . 
In some versions of the RAN as e . g . in UMTS , several base 
stations may be connected , e . g . , by landlines or microwave , 
to a controller node , such as a Radio Network Controller 
( RNC ) , or a Base Station Controller ( BSC ) , which super 
vises and coordinates various activities of the plural base 
stations / network nodes connected thereto . The RNCs may 
be typically connected to one or more core networks . 
[ 0006 ] Specifications for the Evolved Packet System 
( EPS ) , have been completed within the 3GPP and this work 
continues in the coming 3GPP releases . The EPS comprises 
the Evolved Universal Terrestrial Radio Access Network 
( E - UTRAN ) , also known as the Long Term Evolution ( LTE ) 
radio access , and the Evolved Packet Core ( EPC ) , also 
known as System Architecture Evolution ( SAE ) , core net 
work . E - UTRAN / LTE is a variant of a 3GPP radio access 
technology wherein the RBS nodes , which may be referred 
to as base stations , eNodeBs or even eNBs , may be directly 
connected to one or more core networks , e . g . , the EPC core 
network , rather than to RNCs . In general , in E - UTRAN / 
LTE , the functions of an RNC are distributed between the 
RBS nodes , e . g . eNodeBs in LTE , and the core network . As 
such , the RAN of an EPS has an essentially flat architecture 
comprising RBS nodes without reporting to RNCs . 3GPP 
LTE radio access standard has been written in order to 
support high bitrates and low latency both for UL and DL 
traffic . All data transmission in LTE is controlled by the 
RBS . 
[ 0007 ] Communications such as transmissions in radio 
communication systems are often organized in terms of 
frames , or sometimes subframes , e . g . in LTE , where each 
frame is a group of communication resources , e . g . , radio 
time and frequency resources , that may comprise both , a 
control field and a payload data field , or multiple fields of the 
respective types . A field is understood herein to refer to a set 
of time and frequency resources , also referred to herein as 
time - frequency resources . The time - frequency resources 
corresponding to a field may be contiguous in the time and 
frequency dimensions . The control field may , e . g . , comprise 
information about how the data part of the frame is encoded 
and modulated . The control field may also be used for 
receiving feedback information in the reverse link direction , 
i . e . , from the receiver of the data , e . g . , for receiving 
ACKnowledgement / Negative ACKnowledgement ( ACK / 
NACK ) or channel state information reports . 
[ 0008 ] In the wireless communication networks , such as , 
e . g . UMTS and LTE , both Frequency Division Duplex 
( FDD ) , with paired spectrum , and Time Division Duplex 
( TDD ) , with un - paired spectrum , may be specified to imple 
ment two ways communication with different physical layer 
frame structures . 
10009 ] An FDD network with symmetric bandwidth in UL 
and DL , which may be the case in existing systems such as 
UMTS FDD and LTE FDD , is not spectral efficient when the 
data traffic volumes in the two directions are not symmetric . 
The LTE TDD specifies some UL / DL dynamic to increase 
the spectral efficiency . 
[ 0010 ] In wireless communication networks , a full duplex 
system is envisioned which may , for example , increase 
spectral efficiency , decrease latency for un - paired spectrum , 
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and simplify signaling structure of relay networking . How 
ever , the existing IEEE 802 . 11 standards specify only a TDD 
physical layer frame structure with different frame format to 
suit the need of data traffic and adapt to carrier frequency . 

Half - Duplex 
[ 0011 ] In many radio communication systems , communi 
cation nodes may be only capable of half - duplex commu 
nication , i . e . , a network node , e . g . , an Access Node ( AN ) or 
a UE , may not both transmit and receive at the same time , 
at least not on the same frequency band . The main reason for 
such a limitation is that a network node that is transmitting 
may saturate its own analog receiving circuitry due to 
overhearing between transmit and receive antennas . 
[ 0012 ] An implication of this is that data may only be 
communicated , e . g . , transmitted , in one link direction at a 
time . However , even for one - directional data communica 
tion , there may be , as explained above , normally a need for 
regular communications of control information in both link 
directions , implying that in half - duplex communications , it 
may be useful to have two fields for control information in 
every frame , one for one link direction , and one for the 
reverse direction . Two fields may be useful also in full 
duplex systems , but for other reasons . The two directions of 
a link will henceforth be referred to as tx / rx directions , or 
sometimes the two duplex directions . In other words , any 
given communication node may use one of the fields for 
transmission ( tx ) and the other field for reception ( rx ) . The 
link direction may also be referred to herein as a direction of 
communication . 
[ 0013 ] Communication as used herein , refers to one of 
transmission or reception , which may be also referred to 
collectively as “ transmission ” , such as a transmission of data 
or a transmission of control information . 

for the other two smaller time - frequency resources . These 
are illustrated by the dashed control fields and the data field 
in FIG . 2 . 
[ 0016 ] In the two examples above , a frame structure for 
both FDD and TDD is described wherein the control field is 
time isolated from the data field and these fields may be 
controlled to transmit or receive independently , as shown in 
FIGS . 1 and 2 . However , in these examples , two control 
symbols of the time - frequency resources are reserved for 
control information . FIGS . 1 and 2 may be OFDM based 
frame structures . 
10017 ] Any two communication nodes communicating 
may in principle arbitrarily select which of the two control 
fields may be used for tx and which for rx , see left and right 
panels of FIG . 2 . However , such arbitrariness may require 
complicated negotiation procedures and hence it is often 
more practical to have a general rule for the system , e . g . , that 
one of the fields is always used for DL communication , i . e . , 
tx by ANs , whereas the other field is always used for UL 
communication , i . e . , tx by UEs , see the illustration in FIG . 
3 for a schematic diagram of other possible frame structures 
and respective link - direction assignments . Note also that 
frames on different links in the system may preferably be 
time - aligned , partly because this may enable communication 
nodes to more freely and efficiently change communication 
partner , that is node , from one frame to another , without 
waiting for the other communication link to finish its frame . 
[ 0018 ] Fields may , in most transmission systems , be fur 
ther divided into smaller units , e . g . , in Orthogonal Fre 
quency - Division Multiplexing ( OFDM ) systems , the fields 
may be further divided into one or more OFDM symbols . A 
similar principle holds for many other types of systems than 
OFDM , e . g . , for many systems based on multi - carrier or 
pre - coded multi - carrier such as Filter - Bank Multi - Carrier 
( FBMC ) , Discrete Fourier Transform ( DFT ) - spread OFDM , 
etc . As a general term , such smaller units may be referred to 
herein as symbols . Some fields may consist of only a single 
symbol . Frame Structure 

Other Signals and Fields in and Between Frames 
[ 0019 ] Switching of tx / rx direction may take some time , 
and therefore , may require an extra guard period between 
adjacent symbols that belong to fields with different duplex 
direction . Moreover , it should be noted that within the three 
fields , there may typically also be other signals interspersed , 
e . g . , reference signals , or pilot signals , to allow the receiver 
to perform channel estimation . For simplicity , guard periods 
or other signals are not shown in these figures . 

Self - Backhauling 

[ 0014 ] Examples of frame structures that may be used in 
a wireless communication network are illustrated in FIG . 1 
and FIG . 2 . In FIG . 1 , a frame structure is disclosed for a 
minimum subframe or frame unit . The frame comprises at 
least one control field , i . e . field or set of time - frequency 
resources to be used for reference signal information and / or 
control information , which comprises at least one control 
symbol to be used for transmission or reception . Also , the 
frame comprises at least one data field for data transmission 
or reception , i . e . field or set of time - frequency resources to 
be used for payload data . These are illustrated by the dotted 
field and the data field in FIG . 1 . Here , the control field may 
be configured to use larger subcarrier spacing and / or zero 
padding OFDM to lower overhead for the control field . 
[ 0015 ] According to another example illustrated as a sche 
matic diagram in FIG . 2 , cf . also “ Time - division duplexing ” , 
WO 2014 / 121833 A1 ( PCT / EP2013 / 052376 ) , a possible 
TDD frame structure with three sets of time - frequency 
resources in a minimum subframe or frame unit and its 
link - direction assignments is described , in which two sets of 
time - frequency resources are configured to transmit or 
receive control information , such as , reference signal infor 
mation and / or feedback about received transmissions and 
scheduling information . Here , the other time - frequency 
resources may be configured for data transmission or recep - 
tion , which e . g . may be at least 5 times larger than the sum 

[ 0020 ] In the case of radio communication systems with 
very dense deployment of ANs , as envisioned in particular 
for systems operating at millimeter - Wave ( mmW ) frequen 
cies , it may be difficult and costly to provide a wired 
backhaul connection , that is , a connection with the core 
network or Internet , to all ANs in the system . One option is 
to use wireless backhaul , i . e . , have one AN with wired 
connection , henceforth referred to herein as Aggregation 
Node , or AgN , that forwards data to the other ANs wirelessly 
over a route , see illustration of a network using wireless 
self - backhauling in FIG . 4 . In the more general case , the 
routes may form a more complicated pattern , e . g . a route 
tree . A particularly attractive solution is to use wireless 
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self - backhauling , i . e . , use the same frequency spectrum for 
access links and backhaul links , which avoids the need for 
multiple radio units in each communication node . Note that 
in such a network , not only user data may have to be 
forwarded over the backhaul links , but also control signaling 
for , e . g . , radio resource coordination between ANs , e . g . , 
allocation of time - frequency radio resources and scheduling 
on access links , or for setting up routes , may have to be 
performed wirelessly . 

beamforming . These are normally considered important 
issues when considering a future wireless communication 
networks , e . g . a 5G standard . This is because in such a 
system , the control information signals may need to be 
transmitted and received among multiple nodes in different 
directions . 
[ 0024 ] Also communication networks such as those with 
very dense deployments of communication nodes , may 
require exchange of control information among a number of 
communication nodes , or even all of them , within a certain 
time period , e . g . , a frame . However , current frame structures 
do not provide support for such communication . 

SUMMARY 

Modulation Schemes 
[ 0021 ] OFDM , as a Multi - Carrier Modulation ( MCM ) 
scheme may be widely used in wireless communication 
systems and broadcasting systems , such as , e . g . IEEE 802 . 11 
a / g / n , LTE DL , Digital Video Broadcasting ( DVB ) , etc . . . . 
. This may enable an efficient implementation and simple 
transmission and equalization scheme over severe propaga 
tion channel conditions , such as , e . g . frequency selectivity . 
One of the disadvantages of MCM compared to single 
carrier transmission may be the high peak - to - average - power 
ratio ( PAPR ) resulting in higher requirement on the radio 
frequency hardware ( RF HW ) . To enable low PAPR trans 
mission for wireless devices , a single carrier scheme called 
DFT - spread OFDM is standardized in LTE UL and as a 
transmission mode in some of the IEEE 802 . 11 standards . 
FIG . 5 is a schematic diagram showing two examples for 
single carrier localized DFT - spread OFDM . In the Figure , 
the arrows represent subcarriers wherein signals are being 
transmitted . The zeros represent that no signals are trans 
mitted in those subcarriers . Thus , the size of the DFT boxes 
differs , depending on the different number of subcarriers to 
be transmitted . The bottom drawing shows all subcarriers 
are used for the transmitter . The top drawing shows only part 
of the subcarriers are used for the transmitter . Inverse 
Discrete Fourier Transform is represented as IDFT . FIG . 6 is 
a similar schematic diagram showing examples of clustered 
DFT - spread OFDM . A cluster may be one kind of signals , 
e . g . reference signals may be one kind , control information 
may be another . FIG . 7 is a similar schematic diagram 
showing examples of interleaved DFT - spread OFDM , 
wherein the solid and dashed arrows represent two different 
clusters . 
[ 0022 ] Furthermore , to also have some flexibility at the 
same time as keeping a low PAPR property , interleaved 
Frequency Division Multiple Access ( FDMA ) has been 
proposed as a transmission scheme . FIG . 8 is a schematic 
diagram showing examples of a regular ( left ) and a non 
regular ( right ) interleaved FDM . FIG . 8 shows two bars , 
comprised of boxes with different patterns . Each of the 
boxes represents a different subcarrier , and the patterns 
indicate signals of the same kind , e . g . , the downward 
diagonal pattern represents control information and the 
upward - diagonal pattern represents reference signals . The 
left bar represents two kinds of signals are interleaved 
evenly , and the right bar illustrates an uneven distribution . 
10023 ] . To enable gigabit data communication , one way is 
to use very wideband spectrum in high frequency bands and 
high gain beamforming with many antenna elements . To 
keep the HW cost reasonably low , a single - carrier modula 
tion scheme may be used so that the PAPR is kept low and 
combined with the use of analogue beamforming with a few 
digital transceiver chains . However , single carrier modula 
tion schemes have a limited flexibility for a combination of 
multi - user access , self - backhauling and very high - gain 

[ 0025 ] It is therefore an object of embodiments herein to 
improve the performance of a communications network by 
providing improved methods of performing any one of 
transmission and reception of control information . It is a 
further particular object of embodiments herein to improve 
the flexibility and spectral efficiency of transmission 
resources in a wireless communication network . 
10026 ] According to a first aspect of embodiments herein , 
the object is achieved by a method performed by a first 
communication node . The method is for performing any one 
of transmission and reception in at least one of : a first set of 
time - frequency resources in a frame of time - frequency 
resources , and a second set of time - frequency resources in 
the frame . The first and the second set of time - frequency 
resources in the frame are reserved for communication of 
reference signal and / or control information in a pre - arranged 
direction . The direction of communication being one of : 
transmission and reception to or from one or more second 
communication nodes . The first communication node , and 
the one or more second communication nodes operate in a 
communications network . The first communication node 
also determines that the direction of communication of at 
least one of the first and second set of time - frequency 
resources is to be switched for at least one frame to a 
determined switched direction . The first communication 
node performs one of transmission or reception of control 
information in the at least one of the first and second set of 
time - frequency resources . This is performed according to 
the determined switched direction to or from , one or more 
third communication nodes operating in the communica 
tions network . 
10027 ] According to a second aspect of embodiments 
herein , the object is achieved by the first communication 
node configured to perform any one of transmission and 
reception in at least one of : the first set of time - frequency 
resources in the frame of time - frequency resources , and the 
second set of time - frequency resources in the frame . The 
first and the second set of time - frequency resources in the 
frame are reserved for communication of reference signal 
and / or control information in the pre - arranged direction . The 
direction of communication is one of : transmission and 
reception to or from one or more second communication 
nodes . The first communication node and the one or more 
second communication nodes are configured to operate in 
the communications network . The first communication node 
is further configured to determine that the direction of 
communication of at least one of the first and second set of 
time - frequency resources is to be switched for at least one 
frame to the determined switched direction . The first com 
munication node is further configured to perform one of 
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transmission or reception of control information in the at 
least one of the first and second set of time - frequency 
resources . This is performed according to the determined 
switched direction to or from , one or more third communi 
cation nodes configured to operate in the communications 
network 
[ 0028 ] According to a third aspect of embodiments herein , 
the object is achieved by a computer program , comprising 
instructions which , when executed on at least one processor , 
cause the at least one processor to carry out the method 
performed by the first communication node . 
[ 0029 ] According to a fourth aspect of embodiments 
herein , the object is achieved by a computer - readable stor 
age medium , having stored thereon a computer program , 
comprising instructions which , when executed on at least 
one processor , cause the at least one processor to carry out 
the method performed by the first communication node . 
[ 0030 ] By the first communication node determining that 
the direction of communication of at least one of the first and 
second set of time - frequency resources is to be switched for 
at least one frame , the first communication node with e . g . , 
half - duplex restrictions , may efficiently exchange control 
signaling with two or more communication nodes in the 
same frame , in both duplex directions . This may be per 
formed in a configuration where the other sets of time 
frequency resources in the frame have a fixed direction of 
communication , which allows for flexibility of the signalling 
in the communications network , while minimizing the sig 
nalling among the communication nodes involved in a 
communication . 

BRIEF DESCRIPTION OF THE DRAWINGS 
[ 0031 ] Examples of embodiments herein are described in 
more detail with reference to the accompanying drawings , in 
which : 
[ 0032 ] FIG . 1 is a schematic diagram depicting an 
example of a frame structure used in a wireless communi 
cation network , according to existing methods . 
[ 0033 ] FIG . 2 is a schematic diagram of another possible 
frame structure and respective link - direction assignments , 
according to existing methods . 
[ 0034 ] FIG . 3 is a schematic diagram of another possible 
frame structure and respective link - direction assignments , 
according to existing methods . 
[ 0035 ] FIG . 4 is a schematic diagram illustrating a net 
work using wireless self - backhauling . 
[ 0036 ] FIG . 5 is a schematic diagram depicting examples 
of single carrier localized DFT - spread OFDM . 
[ 0037 ] FIG . 6 is a schematic diagram depicting an 
example of clustered DFT - spread OFDM . 
[ 0038 ] FIG . 7 is another schematic diagram depicting an 
example of interleaved DFT - spread OFDM . 
[ 0039 ] FIG . 8 is a schematic diagram depicting an 
example of interleaved FDM . 
[ 0040 ] FIG . 9 is a schematic diagram illustrating a prob 
lematic control signaling situation in a network with fixed tx 
and rx assignment for control fields . 
10041 ] FIG . 10 is a schematic diagram illustrating an 
example of a communications network , according to some 
embodiments . 
[ 0042 ] FIG . 11 is a schematic block diagram illustrating 
embodiments of communication nodes in the communica 
tions network , according to some embodiments . 

[ 0043 ] FIG . 12 is a schematic diagram illustrating a frame , 
according to some embodiments . 
[ 0044 ] FIG . 13 is a schematic diagram illustrating embodi 
ments of a method in a first communication node , according 
to some embodiments . 
[ 0045 ] FIG . 14 is a schematic diagram depicting examples 
of frame structures used in the communications network , 
according to some embodiments . 
[ 0046 ] FIG . 15 is another schematic diagram depicting 
examples of frame structures according to embodiments 
herein . 
[ 0047 ] FIG . 16 is a further schematic diagram depicting 
example of frame structures according to embodiments 
herein . 
[ 0048 ] FIG . 17 is a schematic diagram illustrating an 
example of a comparison of embodiments herein , right side , 
with existing methods , left side . 
[ 0049 ] FIG . 18 is another schematic diagram depicting 
examples of frame structures according to embodiments 
herein . 
[ 0050 ] FIG . 19 is a schematic diagram illustrating 
examples of consecutive transmission for TDD , with use of 
the same frame structure according to embodiments herein . 
10051 ] FIG . 20 is a schematic diagram illustrating 
examples of consecutive transmission for TDD with multi 
nodes with use of the same frame structure according to 
embodiments herein . 
[ 0052 ] FIG . 21 is a schematic diagram illustrating 
examples of consecutive transmission for FDD with use of 
the same frame structure according to embodiments herein . 
[ 0053 ] FIG . 22 is a schematic diagram illustrating 
examples of consecutive transmission for FDD and full 
duplex , on the same frequency , with use of the same frame 
structure according to embodiments herein . 
[ 0054 ] FIG . 23 is a schematic diagram illustrating actions 
of a method in a first communication node , according to 
some embodiments . 
[ 0055 ] FIG . 24 is a schematic diagram illustrating embodi 
ments of a method in a first communication node , according 
to some embodiments 

[ 0056 ] FIG . 25 is a is another flowchart depicting embodi 
ments of a method in the first communication node , accord 
ing to some embodiments . 
[ 0057 ) FIG . 26 is a block diagram of a first communication 
node that is configured according to some embodiments . 
[ 0058 ] FIG . 27 is a schematic diagram illustrating actions 
of a method in a first communication node , according to 
some examples . 
[ 0059 ] FIG . 28 is a schematic diagram illustrating actions 
of a method in a first communication node , according to 
some examples . 
[ 0060 ] FIG . 29 is a block diagram of a first communication 
node that is configured according to some embodiments . 
[ 0061 ] FIG . 30 is a flowchart depicting embodiments of a 
method in the first communication node , according to some 
examples . 
[ 0062 ] FIG . 31 is a schematic block diagram depicting an 
example of the first communication node , i . e . a wireless 
communication device . 
[ 0063 ] FIG . 32 is another schematic block diagram depict 
ing an example of the first communication node , i . e . a 
network node . 
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[ 0064 ] FIG . 33 is a flowchart depicting embodiments of a 
method in the first communication node , according to some 
examples . 

DETAILED DESCRIPTION 
[ 0065 ] As part of the development of embodiments herein , 
a problem will first be identified and discussed . In this 
discussion of the problem of existing methods , ANs are used 
as examples of communications nodes , but the discussion 
should not be understood to be limited to them . 
[ 0066 ] If all communication in a communications network 
is organized according to the left panel of FIG . 2 , then two 
ANs , without a wired connection , may not be able to 
exchange any control signaling with each other . The reason 
is that there are no control fields in which one AN transmits 
and the other one receives , i . e . , either both transmit or both 
receive , at least under the assumption of time - aligned frames 
between links , as discussed above . The same , of course , 
holds if all communication is organized according to the 
right panel of FIG . 2 . 
0067 ] While for any given pair of ANs it may seem 
possible to have different assignments for rx and tx for the 
control fields for the respective ANs , i . e . , left panel of FIG . 
2 for one communication node and right panel for the other 
communication node , such approach does not work in 
general , as there may be other nodes in the system that 
expect certain assignments , that is , communications to or 
from other communication nodes , e . g . , UEs . Also , if three 
ANS , AN1 , AN2 and AN3 , all wish to communicate with 
each other , there is no fixed assignment that works for all 
three links , as illustrated in FIG . 9 . FIG . 9 is a schematic 
diagram illustrating a problematic control signaling situation 
in a network with fixed tx and rx assignment for control 
fields , since there is no choice of tx and rx that allows AN3 
to communicate with both AN1 and AN2 , within a certain 
time period , e . g . , the illustrated frame . 
10068 ] In the existing UMTS and LTE standards , the 
frame structures are different for FDD and TDD , which 
result in different implementation between the FDD mode 
and the TDD mode . In the IEEE 802 . 11 standards , there is 
only one directional communication within one frame , i . e . 
either transmission or reception is possible within one frame 
time which limits the flexibility , and roundtrip time may be 
long . 
[ 0069 ] Furthermore , having two control symbols of the 
time - frequency resources reserved for control information 
and / or reference signal , and a set of time - frequency 
resources reserved for data information of fixed size may not 
be necessary in some cases . Hence , in these cases , there is 
a waste of transmission resources . 
[ 0070 ] Also , it should be noted that in existing wireless 
communication systems like UMTS and LTE in the 3GPP 
standards and the IEEE 802 . 11 standards , either single 
carrier modulation or multi - carrier modulation is used for 
both control and data transmissions . This is a suboptimal 
way to transmit / receive information , since it may be unnec 
essarily restrictive in the case of single carrier modulation , 
as independent signals may not be transmitted within a 
certain time period , or it may unnecessarily require expen 
sive hardware , to compensate for the high PAPR associated 
with MCM . 
[ 0071 ] Embodiments herein address these issues identified 
in existing approaches . 

Terminologies 
[ 0072 ] The following commonly terminologies are used in 
the embodiments and are elaborated below : 
[ 0073 ] Radio network node : In some embodiments the 
non - limiting term radio network node is more commonly 
used and it refers to any type of network node serving UE 
and / or connected to other network node or network element 
or any radio node from where UE receives signal . Examples 
of radio network nodes are Node B , base station ( BS ) , 
multi - standard radio ( MSR ) radio node such as MSR BS , 
eNode B , network controller , radio network controller 
( RNC ) , base station controller , relay , donor node controlling 
relay , base transceiver station ( BTS ) , access point ( AP ) , 
transmission points , transmission nodes , RRU , RRH , nodes 
in distributed antenna system ( DAS ) etc . 
[ 0074 ] Network node : In some embodiments a more gen 
eral term “ network node ” is used and it can correspond to 
any type of radio network node or any network node , which 
communicates with at least a radio network node . Examples 
of network node are any radio network node stated above , 
core network node ( e . g . MSC , MME etc ) , O & M , OSS , SON , 
positioning node ( e . g . E - SMLC ) , MDT etc . 
100751 User equipment : In some embodiments the non 
limiting term user equipment ( UE ) is used and it refers to 
any type of wireless device communicating with a radio 
network node in a cellular or mobile communication system . 
Examples of UE are target device , device to device UE , 
machine type UE or UE capable of machine to machine 
communication , PDA , iPAD , Tablet , mobile terminals , 
smart phone , laptop embedded equipped ( LEE ) , laptop 
mounted equipment ( LME ) , USB dongles etc . 
[ 0076 ] The embodiments herein also applies to the multi 
point carrier aggregation systems . 
[ 0077 ] Note that although terminology from 3GPP LTE 
has been used in this disclosure to exemplify the embodi 
ments herein , this should not be seen as limiting the scope 
of the embodiments herein to only the aforementioned 
system . Other wireless systems , including WCDMA , World 
wide Interoperability for Microwave Access ( WiMax ) , Ultra 
Mobile Broadband ( UMB ) and GSM , may also benefit from 
exploiting the ideas covered within this disclosure . 
[ 0078 ] Also note that terminology such as eNodeB and UE 
should be considering non - limiting and does in particular 
not imply a certain hierarchical relation between the two ; in 
general “ eNodeB ” could be considered as device 1 and 
" UE ” device 2 , and these two devices communicate with 
each other over some radio channel . Herein , we also focus 
on wireless transmissions in the DL , but the embodiments 
herein are equally applicable in the UL . 
[ 0079 ] Embodiments will now be described more fully 
hereinafter with reference to the accompanying drawings , in 
which the embodiments herein will be illustrated in more 
detail by a number of exemplary embodiments . The claimed 
subject matter may , however , be embodied in many different 
forms and should not be construed as limited to the embodi 
ments set forth herein . Rather , these embodiments are pro 
vided so that this disclosure will be thorough and complete , 
and will fully convey the scope of the claimed subject matter 
to those skilled in the art . It should be noted that these 
embodiments are not mutually exclusive . Components from 
one embodiment may be tacitly assumed to be present in 
another embodiment and it will be obvious to a person 
skilled in the art how those components may be used in the 
other exemplary embodiments . 
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[ 0080 ] The figures herein are schematic and simplified for 
clarity , and they merely show details which are essential to 
the understanding of the embodiments presented herein , 
while other details have been left out . Throughout , the same 
reference numerals are used for identical or corresponding 
parts or steps . 
[ 0081 ] Each of FIG . 10 and FIG . 11 depicts an example of 
a communications network 500 in which embodiments 
herein may be implemented . The communications network 
500 may for example be a radio communications network 
such as a Long - Term Evolution ( LTE ) , e . g . LTE Frequency 
Division Duplex ( FDD ) , LTE Time Division Duplex ( TDD ) , 
LTE Half - Duplex Frequency Division Duplex ( HD - FDD ) , 
LTE operating in an unlicensed band , LTE - Advanced , Wide 
band Code Division Multiple Access ( VVCDMA ) , Univer 
sal Terrestrial Radio Access ( UTRA ) TDD , GSM network , 
GSM / Enhanced Data Rate for GSM Evolution ( EDGE ) 
Radio Access Network ( GERAN ) network , EDGE network , 
UMB , network comprising of any combination of Radio 
Access Technologies ( RATS ) such as e . g . Multi - Standard 
Radio ( MSR ) base stations , multi - RAT base stations etc . , 
any 3rd Generation Partnership Project ( 3GPP ) network , 
WFi network , WMax , 5G system or any cellular network or 
system . The communications network 500 may also be an 
Ultra Dense Network ( UDN ) which e . g . , may transmit on 
mm W . 
[ 0082 ] The communications network 500 comprises a 
plurality of network nodes . The communications network 
500 comprises a first communication node 511 . The com 
munications network 500 also comprises one or more sec 
ond communication nodes 512 , wherein each of the one or 
more second network nodes 512 is equivalent to the descrip 
tion provided herein for the second network node 512 . The 
communications network 500 also comprises one or more 
third communication nodes 513 , wherein each of the one or 
more third network nodes 513 is equivalent to the descrip 
tion provided herein for the third network node 513 . For 
simplicity , three communication nodes , a first communica 
tion node 511 , a second communication node 512 , and a 
third communication node 513 are depicted in FIG . 10 . The 
first communication node 511 , the second communication 
node 512 and the third communication node 513 , may each 
be a base station such as e . g . an eNB , eNodeB , BS , or any 
other network unit capable to serve a wireless device or a 
machine type communication device in the communications 
network 500 , such as an AN , e . g . , a short - range radio 
gateway , as depicted in the non - limiting example of FIG . 10 . 
In some particular embodiments , any of the first communi 
cation node 511 , the second communication node 512 and 
the third communication node 513 may be a stationary relay 
node or a mobile relay node . Further examples of the first 
communication node 511 , the second communication node 
512 and the third communication node 513 may also be e . g . 
a repeater , multi - standard radio ( MSR ) radio node such as 
MSR BS , network controller , Radio Network Controller 
( RNC ) , Base Station Controller ( BSC ) , relay , donor node 
controlling relay , Base Transceiver Station ( BTS ) , Access 
Point ( AP ) , transmission points , transmission nodes , a 
Remote Radio Unit ( RRU ) , a Remote Radio Head ( RRH ) , 
nodes in Distributed Antenna System ( DAS ) , core network 
node , e . g . , MSC , MME , etc . . . , O & M , OSS , SON , 
positioning node , e . g . , E - SMLC , MDT , etc . 
[ 0083 ] The communications network 500 covers a geo 
graphical area which may be divided into cell areas , wherein 

each cell area is served by a radio communication node , at , 
e . g . , a base station site or at remote locations in Remote 
Radio Units ( RRU ) , although , one radio communication 
node may serve one or several cells . In the example depicted 
in FIG . 10 , the first communication node 511 serves a first 
cell 521 , the second communication node 512 serves a 
second cell 522 , and the third communication node 513 
serves a third cell 523 . The cell definition may also incor 
porate frequency bands and radio access technology used for 
transmissions , which means that two different cells may 
cover the same geographical area but using different fre 
quency bands . Each cell may be identified by an identity 
within the local radio area , which may be broadcast in the 
cell . Another identity identifying the first cell 521 , second 
cell 522 and third cell 523 uniquely in the whole commu 
nications network 500 , which may be a radio communica 
tions network , may also be broadcasted in the first cell 521 , 
second cell 522 and third cell 523 . The first communication 
node 511 , the second communication node 512 and the third 
communication node 513 may communicate over the air or 
radio interface operating on radio frequencies with the UES 
within range of the first communication node 511 , the 
second communication node 512 and the third communica 
tion node 513 . Any of the first communication node 511 , the 
second communication node 512 and the third communica 
tion node 513 may be e . g . macro eNodeB , home eNodeB or 
a Home Node B , pico BS or femto BS , based on transmis 
sion power and thereby also cell size . Typically , the com 
munications network 500 may comprise more cells similar 
to the first cell 521 , the second cell 522 and the third cell 
523 , served by their respective radio communication nodes . 
This is not depicted in FIG . 10 or FIG . 11 for the sake of 
simplicity . 
10084 ] In other examples than those depicted in FIG . 10 
and FIG . 11 , wherein the communications network 500 is a 
cellular system , any of the first communication node 511 , the 
second communication node 512 and the third communica 
tion node 513 may serve cells . In other examples than those 
depicted in FIG . 10 and FIG . 11 , wherein the communica 
tions network 500 is a non - cellular system , any of the first 
communication node 511 , the second communication node 
512 and the third communication node 513 may serve 
receiving nodes with serving beams . 
[ 0085 ] Each of the first communication node 511 , the 
second communication node 512 and the third communica 
tion node 513 may support one or several cellular commu 
nication technologies , e . g . , IEEE 802 . 11ah , BLE etc . . . . and 
its name may depend on the technology and terminology 
used . The first communication node 511 may communicate 
with the second communication node 512 through a first link 
531 . The first communication node 511 may communicate 
with the third communication node 513 through a second 
link 532 . Each of the first link 531 and the second link 532 
may be a wireless link , such as a radio link an optical link , 
or a wired link . Hence , the communications network 500 
may be one of : a wireless communications network 500 and 
a radio communications network 500 . A wireless commu 
nications network may be understood herein as a network 
where at least some of the communication between nodes is 
performed over another medium than a wire , e . g . , wireless 
optical communication , i . e . , infrared light . A radio commu 
nications network is here a network where at least some 
communication is performed using electromagnetic waves 
at radio frequencies , transmitted over the air , via wire , or 
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some other medium . Today ' s cellular telephony networks 
may hence be both , wireless communications networks and 
radio communications networks . In some embodiments , any 
of the first communication node 511 , the second communi 
cation node 512 and the third communication node 513 may 
operate with wireless self - backhauling . 
[ 0086 ] Any of the first communication node 511 , the 
second communication node 512 and the third communica 
tion node 513 may also be a communications device , also 
known as e . g . , wireless communication device , UE , mobile 
terminal , wireless terminal , mobile station , mobile tele 
phone , cellular telephone , or laptop with wireless capability , 
just to mention some further examples . The communications 
device in the present context may be , for example , portable , 
pocket - storable , hand - held computer - comprised , or 
vehicle - mounted mobile devices , enabled to communicate 
voice and / or data , via the RAN , with another entity , such as 
a server , a laptop , a Personal Digital Assistant ( PDA ) , or a 
tablet computer , sometimes referred to as a surf plate with 
wireless capability , Machine - to - Machine ( M2M ) devices , 
devices equipped with a wireless interface , such as a printer 
or a file storage device , modems , sensors equipped with a 
UE , Laptop Mounted Equipment ( LME ) , e . g . , USB , Laptop 
Embedded Equipments ( LEES ) , Machine Type Communi 
cation ( MTC ) devices , Customer Premises Equipment 
( CPE ) , target device , device - to - device ( D2D ) wireless 
device , or any other radio network unit capable of commu 
nicating over a wireless or wired link in the communications 
network 500 , e . g . , with any of the first communication node 
511 , the second communication node 512 and the third 
communication node 513 when present in the first cell 521 , 
second cell 522 and third cell 523 , respectively . The com 
munications device may be wireless , i . e . , it may be enabled 
to communicate wirelessly in the communications network 
500 , sometimes also referred to as a cellular radio system or 
cellular network . The communication may be performed 
e . g . , between two communications devices , between the 
communications device and a regular telephone and / or 
between the communications device and a server . The 
communication of the communications device may be per 
formed e . g . , via a RAN and possibly one or more core 
networks , comprised within the communications network 
500 . 

[ 0089 ] The usage of the nomenclature first , second and 
third communication node is arbitrary and is only used to 
distinguish between the references to the communication 
nodes , according to an order , which may be an order of 
description herein . 
[ 0090 ] Embodiments of a method performed by the first 
communication node 511 will now be described with refer 
ence to examples of a frame such as frame 1200 depicted in 
FIG . 12 . The example of FIG . 12 depicts a frame 1200 of 
time - frequency resources , with a first set of time - frequency 
resources 1201 in the frame 1200 of time - frequency 
resources , and a second set of time - frequency resources 
1202 in the frame 1200 . Examples of time - frequency 
resources are symbols , resource elements , OFDM symbols , 
FBMC symbols , symbols of some of the type of MCM 
scheme , a set of any of the mentioned types of symbols , etc . 
. . . . Examples of the frame 1200 according to embodiments 
herein , illustrating the first set of time - frequency resources 
1201 and the second set of time - frequency resources 1202 
will be presented later in relation to FIGS . 12 - 22 , the 
particular example of frame 1200 in FIG . 12 is not limiting . 
However , the reference numbers used for the time - frequency 
resources throughout the description of the method of FIG . 
13 and subsequent figures refer to those used in FIG . 12 . 
FIG . 12 will be described in further detail below . While 
frame is used herein , it will be understood that the same 
applies to e . g . , a subframe . Therefore a reference to the 
frame 1200 is understood herein to equally refer to a 
subframe . The frame 1200 may also comprise a third set of 
time - frequency resources 1203 , as described below , and as 
shown in FIG . 12 . 
[ 0091 ] Embodiments of a method performed by the first 
communication node 511 for performing any one of trans 
mission and reception in at least one of : the first set of 
time - frequency resources 1201 in the frame 1200 of time 
frequency resources , and a second set of time - frequency 
resources 1202 in the frame , will now be described with 
reference to the flowchart depicted in FIG . 13 . The first and 
the second set of time - frequency resources 1201 , 1202 in the 
frame 1200 are reserved for communication of reference 
signal and / or control information in a pre - arranged direc 
tion . The control information may , for example , be any 
information for communication between nodes , e . g . sched 
uling information , transmission notification , data coding and 
modulation format , reception acknowledgement , channel 
state information , etc . The reference signal information may , 
for example , be reference signals that are inserted in the 
control field in order to e . g . assisting in the demodulation of 
the control information at a receiver end . The direction of 
communication may be one of : transmission and reception 
to or from the one or more second communication nodes 
512 . In some embodiments , the at least one first set of 
time - frequency resources 1201 and the second set of time 
frequency resources 1202 are non - overlapping in time . 
10092 ] The first communication node 511 , and the one or 
more second communication nodes 512 operate in the 
communications network 500 . 
10093 ] . In some particular embodiments , the first commu 
nication 511 node is the wireless device 512 or the network 
node 511 in the wireless communications network 500 . 
( 0094 ] FIG . 13 depicts a flowchart of the actions that are 
or may be performed by the first communication node 511 
in embodiments herein . A dashed line depicts an optional 
action . 

[ 0087 ] In the embodiment depicted in FIG . 11 , the first 
communication node 511 is an eNodeB serving the first cell 
521 . The second communication node 512 is a wireless 
communication device , as defined above , located within the 
first cell 521 . The second communication node 512 is 
configured to communicate within the communications net 
work 500 via the first communication node 511 over the first 
link 531 , which in this embodiment is a radio link , when 
present in the first cell 521 served by the first communication 
node 511 . 
[ 0088 ] Any of the first communication node 511 , the 
second communication node 512 and the third communica 
tion node 513 may have at least one of : half - duplex capa 
bility and duplex capability . In some particular embodi 
ments , any of the first communication node 511 , the second 
communication node 512 and the third communication node 
513 may operate at half - duplex . In some particular embodi - 
ments , at least one of the the first communication node 511 , 
the second communication node 512 and the third commu - 
nication node 513 has only half - duplex capability . 
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[ 0095 ] In some embodiments , all the actions may be 
performed . In some embodiments , one or more actions may 
be performed . In some embodiments , the order of the actions 
illustrated in FIG . 13 may be changed in one or more 
actions . One or more embodiments may be combined , where 
applicable . All possible combinations are not described to 
simplify the description . 
[ 0096 ] In some examples , transmission may be used as an 
illustrative example of communication . However , any ref 
erence to transmission may be understood to also apply to 
reception . 
[ 0097 ] In the following discussion a communication node 
is understood to refer to a node as any of the first commu 
nication node 511 , the second communication node 512 and 
the third communication node 513 , described below in 
reference to FIGS . 10 and 11 . 
[ 0098 ] Action 1301 
[ 0099 ] To understand the objective of the actions 
described herein , a scenario such as that illustrated in FIG . 
9 may be considered as a starting point to be improved by 
the method herein . The first communication node 511 , the 
one or more second communication nodes 512 , and the third 
communication node 513 may each have a fixed tx and rx 
assignment for the first and second sets of time - frequency 
resources , e . g . fields , in the frame 1200 . In order to increase 
the flexibility in the exchange of information between com 
munication nodes in the communications network 500 , and 
allow for the first communication node 511 , the one or more 
second communication nodes 512 , and third communication 
node 513 to exchange information with each other within a 
certain time window , e . g . one frame 1200 or under two 
frames 1200 , in this Action , the first communication node 
511 determines that the direction of communication of at 
least one of the first and second set of time - frequency 
resources 1201 , 1202 is to be switched for at least one frame 
1200 to a determined switched direction . The determined 
switched direction is understood to correspond herein to a 
switched direction of communication , with respect to the 
direction of communication of at least one of the first and 
second set of time - frequency resources 1201 , 1202 . 
10100 ] This Action 1301 may be performed by intermit 
tently changing direction for one or both control fields in one 
or more communication nodes , so that they may communi 
cate with each other . For example , in one embodiment , 
control signaling for a link may be configured to occur only 
once every second frame 1200 , so that the other frames 1200 
may be used for control signaling with other communication 
nodes in arbitrary tx / rx direction . Therefore , particular 
embodiments herein may refer to a flexible duplex of two 
control slots . 
[ 0101 ] The changes may be pre - agreed between one or 
more of the involved communication nodes , or they may be 
autonomously performed by an individual communication 
node . The pre - agreed changes may either be agreed frame 
1200 by frame 1200 , or they may e . g . , be agreed for a set of 
multiple frames 1200 , e . g . , at regular time intervals . For 
example , in some embodiments , the determined switched 
direction is for two or more frames 1200 . 
[ 0102 ] In a possible implementation , two communication 
nodes communicating over a link may agree , e . g . , by one of 
the communication nodes informing the other one , that in 
every second frame 1200 , control signaling in at least one of 
the tx / rx directions should be canceled , so the two nodes 
may exchange control signaling with other nodes in the 

communications network 500 . If the communication nodes 
have spatial beamforming capabilities , they may in the 
control fields in these frames 1200 form beams in other 
spatial directions . Since control signaling between the two 
nodes may now be limited to every second frame 1200 , 
bundling of control information may be needed , e . g . , instead 
of one ACK / NACK message every frame 1200 , a commu 
nication node may send two ACK / NACK messages in every 
second frame 1200 . More generally , the change of tx / rx 
direction may not occur in every second frame 1200 , but e . g . 
in every third or fourth frame 1200 , or according to some 
more complicated pattern . Thus , in some embodiments , the 
determined switched direction corresponds to a pattern . In 
some embodiments , the pattern is a regular pattern . 
0103 ] In another example , an individual communication 
node such as the first communication node 511 may take an 
autonomous decision not to send control information to its 
normal communication partner , the one or more second 
communication nodes 512 , in a certain frame 1200 , but 
instead use the tx control field for reception from , or 
transmission to , some other communication node , e . g . , the 
third network node 513 , either pre - agreed transmission from 
that communication node , or possibly broadcast transmis 
sion from that communication node . The normal communi 
cation partner may thus be unable to decode any control 
signaling message in such a frame 1200 , since there is none . 
This is something that in principle may anyway happen in a 
radio communication due to disturbances or fading . The 
communication receiving node may in such cases be 
designed to listen for the control signaling message in the 
next frame 1200 . 
[ 0104 ] According to the foregoing , the determined 
switched direction may be one of : a pre - agreed direction 
with the one or more second communication nodes 512 , and 
an autonomously determined switched direction . That is , the 
determining of the direction of communication in this Action 
may be based on a pre - agreed arrangement with the one or 
more second communication nodes 512 , or it may be per 
formed autonomously . 
[ 0105 ] For example , all control fields may by default be 
used for receiving , and may be changed to transmission if 
there is control signaling to transmit . Which of the control 
fields to use when control signaling is transmitted may be 
pseudo - random or pre - arranged , or depend on a current 
time . Thus , the set of time - frequency resources , of the first 
and second set of time - frequency resources 1201 , 1202 , 
determined to switch communication direction may be 
determined based on one of the following manners : pseudo 
random , prearranged and based on a current time . 

[ 0106 ] Action 1302 
0107 ] In another embodiment , the at least one frame 1200 
may further comprise a third set of time - frequency resources 
1203 used for transmission or reception of data . Data 
information may be understood herein to refer to payload 
data , which may in turn comprise data information as well 
as control information for higher layers in the protocol stack . 
In order to more dynamically and spectrum efficiently assign 
or allocate time - frequency resources for transmission or 
reception of reference signal and control information , the 
first communication node 511 may , in this optional action , 
determine that the second set of time - frequency resources 
1202 is a subset of time - frequency resources in the third set 
of time - frequency resources 1203 . 
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[ 0108 ] In other words , a frame 1200 , or subframe 1200 , 
may comprise a control field and a data field . The data field 
may comprise a sub - field for reference signals , pilots , and 
control information when , for example , there is data trans 
mission performed between the first communication node 
511 and at least a second communication node of the one or 
more second communication nodes 512 . 
[ 0109 ] In some particular embodiments , the subset of 
time - frequency resources is to comprise reference signal 
and / or control information to be transmitted or received in 
the same direction as the data in time - frequency resources in 
the third set of time - frequency resources 1203 . 
[ 0110 ] Hence , the issues mentioned earlier in regards to a 
wastage of resources by a fixed assignment of time - fre 
quency resources for control and data information are 
addressed by the embodiments presented herein , by disclos 
ing the frame 1200 structure with one control field and one 
data field which comprises one sub - field for reference signal 
and control information transmitting in the same direction as 
data . 
[ 0111 ] In some embodiments , the subset of time - frequency 
resources in the third set of time - frequency resources 1203 
may correspond to the first occurring time - frequency 
resources in the third set of time - frequency resources 1203 . 
In other embodiments , the 30 second set of the time 
frequency resources in the frame 1200 may correspond to 
the last occurring time - frequency resources in the frame 
1200 . 
[ 0112 ] In some embodiments , the subset of time - fre 
quency resources in the third set of time - frequency resources 
1203 correspond to time - frequency resources occurring dur 
ing the same time period in the frame 1200 , e . g . belonging 
to the same symbol , e . g . OFDM symbol . Furthermore , in 
some embodiments , the first set of time - frequency resources 
1201 correspond to the first occurring time - frequency 
resources in the frame 1200 . 
[ 0113 ] In some embodiments , the first set of time - fre 
quency resources 1201 and the third set of time - frequency 
resources 1203 have different duplex directions , wherein the 
directions are directions of communication , such as , trans 
mission or reception . This may occur , for example , when the 
first communication node 511 has determined or detected a 
need for different duplex directions . Based on this deter 
mining or detection , the first communication node 511 may 
determine to use the subset in the third set of time - frequency 
resources 1203 to comprise reference signal or control 
information instead of some other normal / default / pre - con 
figured / pre - agreed type of information previously reserved 
for the transmission resource , and switch the duplex direc 
tion of the first set of time - frequency resources 1201 , e . g . 
from transmission to reception or reception to transmission . 
[ 0114 ] It may further be noted that additional reference 
signals may also be inserted in the data field if needed , as 
well as , a measurement gap . 
[ 0115 ] Action 1303 
10116 ] In order to decode the control signals , a receiver 
may need to estimate the channel . This may be achieved by 
comparing the received signals with the known transmitted 
reference signal information , i . e . , reference or pilot 
sequence . The reference signal may in principle be trans 
mitted before , after , or at the same time as the control 
signals . However , if there is only one time symbol used for 
control signals in a frame 1200 , e . g . in one duplex direction , 

then that symbol may need to comprise both the control 
signals and reference signal which are independent signals . 
[ 0117 ] As already mentioned , in some embodiments , the at 
least one frame 1200 may further comprise the third set of 
time - frequency resources 1203 used for transmission or 
reception of data . Also as stated earlier , existing wireless 
communication networks may use either single carrier 
modulation or multi - carrier modulation for both control and 
data transmissions . In the frame 1200 structure described 
herein , any of the first set of time - frequency resources 1201 
and the second set of time - frequency resources 1202 may 
comprise independent signals , such as the control informa 
tion and the reference signal . Hence , single carrier modu 
lation for first set of time - frequency resources 1201 and the 
second set of time - frequency resources 1202 is not optimal , 
as it may not allow to transmit the control information and 
the reference signal as independent signals . Single carrier 
modulation for data information may be appropriate as there 
may be multiple symbols in a subframe to use , and single 
carrier may be used for each symbol . In some examples , one 
of them , typically the first one , if necessary , may be used to 
transmit RS , and rest of the symbols may be used to transmit 
data . In order to allow for the transmission of information in 
the frame 1200 appropriately with respect to a certain 
transmission power budget , in this Action , the first commu 
nication node 511 may modulate the reference signal and / or 
control information in at least one of the first set of time 
frequency resources 1201 and the second set of time 
frequency resources 1202 according to a first modulation 
scheme , wherein the first modulation scheme is capable of 
simultaneous transmissions of multiple independent signals . 
The different independent signals may e . g . , be control or 
pilot signals , i . e . signals comprising control information 
and / or reference signal information . It may further be noted 
that a modulation scheme is herein understood to refer to 
schemes such as OFDM , DFTS - OFDM , FBMC , etc , which 
may be also referred to as " multiplexing schemes ” , and not 
to so - called constellation types such as BPSK , QPSK , 
16QAM , etc . 
[ 0118 ] In some embodiments , the first modulation scheme 
comprises one of : clustered DFTS - OFDM , simultaneous 
transmission of multiple DFTS - OFDM signals , interleaved 
clustered DFTS - OFDM , simultaneous transmission of mul 
tiple interleaved DFTS - OFDM signals , MCM , OFDM , 
FBMC , etc . . . . . Clustered DFTS - OFDM , clustered - OFMC , 
any clustered - MCM , interleaved OFDM , interleaved 
FBMC , any interleaved - MCM , interleaved DFT - precoded 
OFDM , interleaved - DFT - precoded FBMC , any interleaved 
DFT - precoded - MCM , etc . may be used for the control 
information and reference signal information , i . e . control 
and reference signals ( RS ) . 
101191 In other words , for the control part , to facilitate 
transmission of both the control information and the refer 
ence signal in the same symbol period , two or several 
clusters DFT Spread OFDM ( DFTS - OFDM may be used to 
comprise reference signal information ( RS ) and control 
information separately , such as , e . g . shown in FIG . 6 . To 
have more regular distribution of RS signals , the interleaved 
DFTS - OFDM shown in FIG . 7 may be used , i . e . two clusters 
of signals and evenly distributed sub - carriers . Here , more 
clusters and un - even distributions , as shown to the right in 
FIG . 80 . 
[ 0120 ] However , transmission with more than one cluster 
DFTS - OFDM may break the single carrier characteristics 
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and thus may result in higher PAPR . According to some 
embodiments , an approached provided herein may be to 
keep the number of clusters to two , or another low number , 
to keep the PAPR low , and use power back - off to avoid 
power saturation when needed . Here , power saturation may 
be considered to be a power level above which the distortion 
of the signals is above a certain determined threshold . It may 
be noted that some power saturation may be tolerated , e . g . 
due to a few short peak power levels . In addition , power 
back - off may be applied to the control field / s to keep the 
PAPR low . Note that OFDM here is just an example and may 
be replaced by any MCM such as , e . g . FBMC , etc . Further 
more , in some embodiments , robust channel coding may be 
applied to the reference signal information and / or control 
information to compensate for the performance loss due to 
power back - off . 
[ 0121 ] To have additional flexibility in the control chan 
nel , a MCM may be used . This may however result in a high 
PAPR . Here , according to some embodiments , an approach 
that is provided is to check the possibility of applying the 
pure MCM by checking the power possible for the data part 
and compare the power that may be needed for the control 
part , to determine what modulation is to be used in the 
control field . This procedure is described later in the flow 
chart of FIGS . 24 and 25 . 
[ 0122 ] It should also be noted that , in addition , parts of the 
multi - carrier modulated , or clustered - OFDM , control field 
may be transmitted to different communication nodes than a 
second communication node of the one or more second 
communication nodes 512 , which is the destination node of 
the data part . In other words , some portions of the control 
information and reference signals may have different desti 
nation nodes than some other portions of signals in the same 
control field and the same symbol time period . 
[ 0123 ] Action 1304 
[ 0124 ] In order to allow a low hardware cost by applying 
low PAPR scheme , and at the same time provide flexibility 
in the transmission of data in the frame 1200 , in this action , 
the first communication node 511 may modulate the data in 
the third set of time - frequency resources 1203 according to 
a second modulation scheme , wherein the second modula 
tion scheme is a different modulation scheme than the first 
modulation scheme . 
[ 0125 ] In some embodiments , the second modulation 
scheme is a single carrier modulation scheme . Here , the 
single carrier modulation scheme may comprise one of : 
single carrier , DFTS - OFDM , interleaved DFTS - OFDM , 
interleaved DFT - precoded OFDM , DFTS - FBMC , filter 
bank precoded FBMC , precoded multi - carrier modulation , 
etc . 
[ 0126 ] In other words , for the data part , single carrier 
DFTS - OFDM or any transmission scheme with low PAPR 
may be used , which may facilitate a low PARP transmission . 
Hence , in some embodiments , the first modulation scheme 
has a higher peak - to - average - power - ratio ( PAPR ) than the 
second modulation scheme . 
[ 0127 ] In some examples , the modulating in action 1303 
further comprises providing , in the first modulation scheme , 
a more robust channel coding than provided in the second 
modulation scheme . This means that the coding scheme 
applied in the first modulation scheme may be more robust 
than the coding scheme applied in the second modulation 
scheme . For example , the first modulation scheme may be 
coded with the same coding as the second modulation 

scheme , but with a lower code rate . According to another 
example , different coding schemes may be applied in the 
first and second modulation scheme , such as , convolutional 
coding and turbo coding , e . g . with different code rates such 
that one coding scheme is more robust than the other . 
10128 ] . In some embodiments , the at least one first set of 
time - frequency resources 1201 and the second set of time 
frequency resources 1202 are characterized by time domain 
separation . 
0129 ] Hence , according to Actions 1303 and 1304 , an 
embodiment of the frame 1200 structure is described herein , 
with data field modulation using e . g . a single carrier or 
DFT - spread OFDM or DFT - spread FBMC , or Filter - bank 
precoded FBMC , or any pre - coded MCM transmission to 
keep PAPR low , and with control fields with multi - carrier 
modulation to transmit control information and the reference 
signal at the same time that the reference signals . The latter 
may be used to assist demodulation of control information 
and possibly data at a receiver end . For example , two or a 
few clusters localized DFTS - OFDM , or any other localized 
precoded - MCM , or interleaved DFTS - OFDM , or any other 
interleaved precoded - MCM , may be used for the control 
field to maintain lower PARP relative to a pure MCM . 
( 0130 ] As stated earlier , it may further be noted that parts 
of the multi - carrier modulated control field signals may be 
destined to one or several other communication nodes than 
a second communication node of the one or more second 
communication nodes 512 . 
[ 0131 ] According to the foregoing , in some embodiments , 
the reference signal and / or control information in the subset 
of time - frequency resources in the third set of time - fre 
quency resources 1203 may be modulated using one of : a ) 
a different modulation scheme than the data in the time 
frequency resources in the third set of time - frequency 
resources 1203 , and b ) the same modulation scheme as the 
control information in the first set of time - frequency 
resources 1201 , wherein the used modulation schemes may 
be one of : a MCM scheme , or a single - carrier modulation 
scheme . In some embodiments , the reference signal and / or 
control information in the subset of time - frequency 
resources in the third set of time - frequency resources 1203 
may be modulated using the same modulation scheme as the 
data in time - frequency resources in the third set of time 
frequency resources 1203 . This may be advantageous 
because , since the reference signal ( pilot ) is to be used for 
data demodulation , it may be simpler to construct channel 
estimation for the data part by having the same modulation 
scheme as data . 
10132 ] . In this case , the subset of time - frequency resources 
in the third set of time - frequency resources 1203 may further 
comprise reference signal information for demodulating the 
reference signal and / or control information and the data in 
time - frequency resources in the third set of time - frequency 
resources 1203 in the frame 1200 . 
[ 0133 ] Alternatively , in some embodiments , the reference 
signal and / or control information in the subset of time 
frequency resources in the third set of time - frequency 
resources 1203 may be modulated using a different modu 
lation scheme than the data in the time - frequency resources 
in the second set of time - frequency resources 1202 . This 
may be advantageous because , keeping the same modulation 
scheme for data , independent of the first subset , might 
simplify the implementation of data demodulation . In this 
case , the subset of time - frequency resources in the third set 
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of time - frequency resources 1203 may further comprise 
reference signal information for demodulating the reference 
signal and / or control information in the third set of time 
frequency resources 1203 . Furthermore , according to some 
embodiments , the reference signal and / or control informa 
tion in the subset of time - frequency resources in the third set 
of time - frequency resources 1203 is modulated using the 
same modulation scheme as the control information in the 
first set of time - frequency resources 1201 . 
[ 0134 ] In some embodiments , the modulation scheme ( s ) 
are one of a multi - carrier modulation scheme , such as , 
OFDM modulation , FBMC modulation , filtered multi - tone 
modulation , etc . , or a single - carrier modulation scheme , 
such as , a single - carrier modulation , a precoded multi 
carrier modulation , e . g . , DFTS - OFDM modulation , a filter 
bank precoded FBMC modulation , etc . 
[ 0135 ] In some embodiments , the frame 1200 comprises a 
fourth set of time - frequency resources 1501 used for trans 
mission or reception of control information and the fourth 
set of the time - frequency resources in the frame 1200 may 
correspond to the last occurring time - frequency resources in 
the frame 1200 . Here , the first communication node 511 may 
further perform one of transmission or reception of control 
information in the fourth set of time - frequency resources 
1501 . 
[ 0136 ] By having the first communication node 511 per 
form as described in the embodiments above , a single carrier 
modulation for data and multi - carrier modulation for refer 
ence signal and / or control information is achieved which 
lead to low PAPR for data transmissions and efficient 
resource utilization of transmission resources for transmis 
sion of reference signal and / or control information . Hence , 
the flexibility and spectral efficiency of transmission 
resources in the communications network 500 is improved . 
[ 0137 ] Action 1305 
[ 0138 ] In this action , the first communication node 511 
may transmit the modulated reference signal and / or control 
information in the one of the first set of time - frequency 
resources 1201 and the second set of time - frequency 
resources 1202 the direction of communication of which is 
not to be switched . The first communication node 511 may 
also transmit the modulated data in the third set of time 
frequency resources 1203 to at least one second communi 
cation node 512 of the one or more second communication 
nodes 512 . 
[ 0139 ] Action 1306 
[ 0140 ] Finally , in this action , the first communication node 
511 performs one of transmission or reception of control 
information in the at least one of the first and second set of 
time - frequency resources 1201 , 1202 , according to the 
determined switched direction , to or from the one or more 
third communication nodes 513 operating in the communi - 
cations network 500 . 
10141 ] According to embodiments related to Action 1302 , 
in some embodiments , the performing in this Action 1303 
may further comprise performing transmission or reception 
of the reference signal and / or control information in at least 
one subset of the first set of time - frequency resources 1201 
and / or the subset of time - frequency resources in the third set 
of time - frequency resources 1203 to or from the one or more 
third communication nodes 513 . 
[ 0142 ] In some embodiments , the performing one of trans 
mission or reception of control information may comprise 
transmission of the modulated reference signal and / or con 

trol information in the at least one first set of time - frequency 
resources 1201 and the second set of time - frequency 
resources 1202 to the one or more third communication 
nodes 513 operating in the communications network 500 . 
[ 0143 ] In some embodiments , the one or more third com 
munication nodes 513 are different than the one or more 
second communication nodes 512 , the one or more second 
communication nodes 512 being current communication 
partners of the first communication node 511 . 
0144 The first communication node 511 is different than 
the third communication node 513 . In some embodiments , 
the one or more second communication nodes 512 and the 
one or more third communication nodes 513 may be the 
same node . In some other embodiments , the one or more 
second communication nodes 512 may be different than one 
or more third communication nodes 513 . The one or more 
third communication nodes 513 is in some embodiments the 
same communication partner / s as the one of any of first set 
of time - frequency resources 1201 in a or the frame 1200 and 
the second set of time - frequency resources 1202 in a or the 
frame 1200 . The one or more third communication nodes 
513 is in some embodiments a different node than the 
communication partner of the one of any of first set of 
time - frequency resources 1201 in a or the frame 1200 and 
the second set of time - frequency resources 1202 in a or the 
frame 1200 . 
[ 0145 ] Beamforming may be applied to any tx signal , as 
well as to any rx signal . Different beamforms may target the 
same communication node or , more often , different com 
munication nodes . Beamforming may be achieved using 
different antennas directed in different spatial directions , or 
using the same , or partly overlapping , sets of multi - antenna 
elements with different precoder settings , that is , different 
precoder weights . Beamforms are in general not restricted to 
a single narrow lobe , but may have more complex shapes , 
depending on the precoder . The precoders are typically 
linear , in which case they may be described in terms of a set 
of precoder weights , but may in principle also be non - linear . 
[ 0146 ] FIG . 13 is a schematic diagram illustrating a non 
limiting example of embodiments here . Three frames are 
depicted in FIG . 13 , wherein the first set of time - frequency 
resources 1201 and the second set of time - frequency 
resources 1201 , 1202 in the frame 1200 are reserved for 
communication of reference signal and / or control informa 
tion in a pre - arranged direction , which is tx and rx , respec 
tively . In the middle frame 1200 , the first network node 511 
determines that the direction of communication of the first 
set of time - frequency resources 1201 is to be switched for 
the frame 1200 from the tx direction to the rx direction . 
Hence , FIG . 13 depicts one control field according to 
embodiments herein , that has an tx / rx direction that deviates 
from the regular pattern , as indicated in bold by the field 
colored in solid black . In this example , each of the frames 
1200 comprises two control fields , and one data field , that is 
the third set of time - frequency resources 1203 . The direction 
of communication of the control fields is indicated in the 
Figure with tx for transmission , and rx for reception . 
[ 0147 ] FIG . 14 depicts examples of frame 1200 structures 
according to embodiments of the method performed by the 
first communication node 511 in relation to Action 1302 , 
wherein a data field such as the third set of time - frequency 
resources 1203 in the frame 1200 , or subframe 1200 com 
prises a sub - field such as the second set of time - frequency 
resources 1202 for reference signals , pilots , and control 
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information . The frame 1200 or subframe 1200 also com 
prises a control field such as the first set of time frequency 
resources 1201 . That is , here , it may be seen that the frame 
1200 or subframe 1200 structure may comprise two control 
fields , indicated by the dotted and dashed fields , and a data 
field . The example on the right depicts some exemplary 
direction of communication assignments for the different 
fields , which are different than those of the example on the 
left . 
10148 ] FIG . 15 depicts further examples of frame 1200 
structures according to embodiments of the method and first 
communication node 511 . Here , it may be seen that a frame 
1200 or subframe 1200 structure may comprise two control 
fields , indicated by the dotted , and striped fields , a field 
comprising RS indicated by the dashed fields , and a data 
field . In the examples depicted in FIG . 15 , the second set of 
time - frequency resources 1202 is the subset of time - fre 
quency resources in the third set of time - frequency resources 
1203 , and there is a fourth set of time - frequency resources 
1501 , which is the second control field . That is , the data field 
may also comprise a subfield for reference signals , pilots , as 
shown in FIG . 15 . The left and right frames in FIG . 15 are 
two examples of the same structure with different duplex 
directions on the control fields . 
[ 0149 ] FIG . 16 shows other examples according to 
embodiments herein , wherein the data field may further 
comprise control information , as shown e . g . in FIG . 16 with 
the black fields , in a control field which may be assigned or 
allocated for e . g . control information transmission to or 
reception from additional communication nodes , e . g . to the 
one or more third communication nodes 513 . That is , the 
second set of time - frequency resources 1202 corresponds in 
these examples to the last occurring time - frequency 
resources in the frame 1200 , and is the subset of time 
frequency resources in the third set of time - frequency 
resources 1203 , according to Action 1302 . In these 
examples , the second set of time - frequency resources 1202 
is the set of time frequency resources with the switched 
direction , and it is therefore also referred to herein as a 
flexible duplex field . The example on the left has the fourth 
set of time - frequency resources 1501 , comprising control 
information , whereas the example on the right does not . 
10150 ] An advantage of embodiments herein is that they 
enable communications nodes in a network with half - duplex 
restrictions to efficiently exchange control signaling with 
each other . 
[ 0151 ] FIG . 17 is a schematic diagram illustrating an 
example of an effect that may be achieved with a method in 
the first communication node 511 , according to an embodi 
ment herein , right side , in comparison with an example of an 
existing method , left side . An exemplary frame is repre 
sented for each one of the nodes in the left , 1700 , and right , 
1200 , diagrams . In particular , FIG . 17 illustrates , with a 
particular example , how embodiments herein may provide 
for a way for three ANS , AN1 , AN2 and AN3 , to commu 
nicate with each other , in a context where the first and the 
second set of time - frequency resources 1201 , 1202 have , 
ordinarily , a fixed assignment for the direction of commu 
nication . The schematic diagram on the left illustrates such 
a scenario according to existing methods . AN1 and AN3 
have fixed assignments of transmission for the first set of 
time - frequency resources 1701 , the one on the left , while the 
AN2 has a fixed assignment of reception . AN1 and AN3 
have fixed assignments of reception for the second set of 

time - frequency resources 1702 , the one on the right , while 
the AN2 has a fixed assignment of transmission . Under such 
fixed assignment , AN1 cannot transmit to AN3 through the 
first set of time - frequency resources 1701 and the second set 
of time - frequency resources 1702 , as indicated with the 
crossed arrow . This is because AN1 and AN3 transmit both 
at the same time , or receive both at the same time . The 
schematic diagram on the right illustrates a similar scenario , 
according to an embodiment herein , wherein AN3 corre 
sponds to the first network node 511 , AN2 corresponds to 
one second communication node 512 of the one or more 
second communication nodes 512 , and AN1 corresponds to 
one third communication node 513 of the one or more third 
communication nodes 513 . AN1 has a fixed assignment of 
transmission for the first set of time - frequency resources 
1201 , while AN2 has a fixed assignment of reception . AN1 
and AN3 have fixed assignments of reception for the 35 
second set of time - frequency resources 1202 , while the AN2 
has a fixed assignment of transmission . Thanks to the 
flexible first set of time - frequency resources 1201 , AN3 has 
switched the direction of communication in the first set of 
time - frequency resources 1201 , so that AN3 may now 
receive the transmission from AN1 . 
[ 0152 ] FIG . 18 shows another example according to 
embodiments herein , wherein the first set of time - frequency 
resources 1201 correspond to the last occurring time - fre 
quency resources in the frame 1200 and are the set of time 
frequency resources with the switched direction . This is why 
the first set of time - frequency resources 1201 are indicated 
as the Flexible duplex field . The second set of time - fre 
quency resources 1202 is the subset of time - frequency 
resources in the third set of time - frequency resources 1203 , 
as represented in the Figure by the dashed lines . In the 
examples of FIG . 18 , each frame 1200 depicted has a fourth 
set of time - frequency resources 1501 , delimited by the 
dotted pattern . In some embodiments , the first set of time 
frequency resources 1201 are referred to as an " optional 
control field ” , which is the blackened field or fully filled 
field in FIG . 18 . This is because the first set of time 
frequency resources 1201 may not be used in every frame 
1200 . In some embodiments , when there is no data to 
transmit / receive , the data - subfield and / or the optional con 
trol field may be used for control signal exchange if needed . 
As stated earlier , the first set of time - frequency resources 
1201 are assigned or allocated for transmission or reception 
ofe . g . reference signal and / or control information to or from 
additional nodes , such as , the one or more third communi 
cation nodes 513 . This one optional control field may be said 
to be in a predefined time slot , and may also be referred to 
as a flexible - duplex for reference signal and / or control 
information . 
[ 0153 ] A further advantage of embodiments herein is that 
a more implementation and cost efficient approach is pro 
vided by having a common structure for TDD , FDD and 
full - duplex , i . e . transmitting or receiving on the same fre 
quency at the same time . The latter is sometime also referred 
to as e . g . single channel full - duplex . This is illustrated in 
FIGS . 19 - 22 , which are described below . 
[ 0154 ] FIGS . 19 - 22 show examples of consecutive trans 
mission for TDD , TDD with multi - nodes , FDD and full 
duplex , on the same frequency , respectively , with use of the 
same frame 1200 structure according to embodiments of the 
method performed by the first communication node 511 . 
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[ 0155 ] FIG . 19 illustrates a straight - forward TDD trans 
mission / reception between two communication nodes , such 
as the first communication node 511 , represented as Node 1 , 
and one second communication node 512 of the one or more 
second communication nodes 512 , represented as Node 2 , 
which in this example is the same node as the third com 
munication node 513 . Note that the reception feedback may 
be sent in the control field corresponding here to the fourth 
set of time frequency resources 1501 , the subfield of the data 
field , corresponding here to the second set of time frequency 
resources 1202 and / or the optional field , corresponding here 
to the first set of time frequency resources 1201 , and which 
has a switched direction of communication with respect to a 
prior direction of communication assignment , not shown . In 
the last case , the transmission and feedback may be done 
within the same subframe 1200 . Note that the direction of 
communication in the third set of time - frequency resources 
1203 in each of the Node 1 and Node 2 , is different every 
third frame . In other words , FIG . 19 shows an example of 
transmission and reception of multiple subframes 1200 , or 
frames 1200 , for TDD . Here , a communication node may be 
a base station , an access node ( AN ) or a user equipment . 
[ 0156 FIG . 20 illustrates a three TDD nodes communi 
cation , such as among the first communication node 511 , 
represented as Node 1 , one second communication node 512 
of the one or more second communication nodes 512 , 
represented as Node 2 , and the third communication node 
513 , represented as Node 3 . In other words , FIG . 20 shows 
an example of transmission and reception of multiple sub 
frames 1200 , or frames 1200 , for TDD for more than two 
communication nodes . Note that the direction of communi 
cation in the third set of time - frequency resources 1203 in 
each of the Node 1 , Node 2 and Node 3 , is different every 
third frame . 
[ 0157 ] FIG . 21 illustrates a straight - forward FDD node , 
such as the first communication node 511 , represented as 
Node 1 . Node 1 tx indicates the frames 1200 in the fre 
quency used for tx . Node 1 rx indicates the frames 1200 in 
the frequency used for rx . In other words , FIG . 21 shows an 
example of transmission and reception of multiple sub 
frames 1200 , or frames 1200 , for FDD . 
10158 ] FIG . 22 illustrates a full - duplex node , such as the 
first communication node 511 , represented as Node 1 , with 
two transceivers , trxl and trx2 , which may be dynamically 
used for transmission and reception at the same time , or both 
receive or both transmit depending on needs . In other words , 
FIG . 22 shows examples of transmission and reception of 
multiple subframes 1200 , or frames 1200 , and full - duplex on 
the same frequency at the same time , also called single 
channel full - duplex . Note that the direction of communica 
tion in the third set of time - frequency resources 1203 is 
different every third frame for the trx1 , and every other 
frame for trx2 . 
[ 0159 ] Since these all have the same frame 1200 structure 
with control and reference signal transmission in the same 
time period , it is easier to design reference signals and 
control sequence that all these transmission modes may use 
in the same frequency with local synchronization . 
[ 0160 ] Yet a further advantage of some embodiments 
herein is that by having a communication node , such as the 
first communication node 511 , as described in the embodi 
ments herein , a single carrier modulation for data and 
multi - carrier modulation for reference signal and / or control 
information may be achieved . This may lead to low PAPR 

for data transmissions and efficient resource utilization of 
transmission resources for transmission of reference signal 
and / or control information . In other words , some embodi 
ments herein will increase spectral efficiency by enabling the 
first network node 511 to transmit / receive control informa 
tion and reference signals in the same e . g . , symbol , as they 
may be transmitted as independent signals , as opposed to 
having to use more resource in terms of an additional wait 
symbol . Some embodiments herein will also increase flex 
ibility , as the direction of communication may be switched 
as needed . Increased spectral efficiency and flexibility may 
be applicable for a combination of multi - user access , high 
gain beamforming and wireless backhauling , while main 
taining a low hardware cost low by keeping the PAPR low . 
[ 0161 ] FIG . 23 is a schematic diagram illustrating a com 
munication example where embodiments herein may be 
used , wherein a Node A , such as the first communication 
node 511 is a current communication partner with Node B , 
such as the second communication node 512 . In particular , 
Node A transmits data to the Node B . Node A may also 
transmit or receive control information , that is , it may 
exchange control signalling with a Node C , such as the third 
communication node 513 . 
[ 0162 ] FIG . 24 illustrates an example of actions or opera 
tions which may be taken by the first communication node 
511 as part of modulating the reference signal and / or control 
information in at least one of the first set of time - frequency 
resources 1201 and the 35 second set of time - frequency 
resources 1202 according to a first modulation scheme , i . e . 
Action 1303 . As mentioned earlier , according to some 
embodiments , and to have additional flexibility in the con 
trol channel , a MCM may be used . This may however result 
in a high PAPR . In order to keep the PAPR low , power 
back - off may be applied to the control field / s . To determine 
what modulation is to be used in the control field , the 
possibility of applying the pure MCM may be checked by 
first comparing the power that may be needed for the control 
part and the data part . For this purpose , the modulating the 
reference signal and / or control information in at least one of 
the first set of time - frequency resources 1201 and the second 
set of time - frequency resources 1202 according to the first 
modulation scheme , of Action 1303 , may further comprise 
the following actions . 
[ 0163 ] Action 2401 
[ 0164 ] The first network node 511 may determine a trans 
mission power for the third set of time - frequency resources 
1203 , that is , the data part . 
[ 0165 ] Action 2402 
0166 ] . The first network node 511 may determine a trans 

mission power for the at least one of the first set of 
time - frequency resources 1201 and the second set of time 
frequency resources 1202 , that is , the control part . 
[ 0167 ] Action 2403 
[ 0168 ] Since the third set of time - frequency resources may 
be transmitted with a single carrier scheme , for which there 
may be a deterministic power budget which may be served 
as a metric to decide the control fields on which multiple 
signals may need to be transmitted , in this action , the first 
network node 511 may compare the determined transmission 
power for the at least one of the first set of time - frequency 
resources 1201 and the second set of time - frequency 
resources 1202 , and the determined transmission power for 
the third set of time - frequency resources 1203 . 
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[ 0169 ] Action 2404 
[ 0170 ] The first network node 511 may determine the first 
modulation scheme based on the outcome of the comparison 
of the comparing of Action 2403 . For example , the first 
communication node 511 may determine to use a MCM in 
case the determined transmission power for the at least one 
first set of time - frequency resources 1201 is lower than the 
determined transmission power for the second set of time 
frequency resources 1202 , e . g . by a predefined value . In the 
other case , i . e . when the determined transmission power for 
the at least one first set of time - frequency resources 1201 is 
not lower than the determined transmission power for the 
second set of time - frequency resources 1202 , e . g . , by a 
predefined value , another modulation scheme may be 
selected which has a low PAPR , e . g . interleaved DFTS 
OFDM , as illustrated in FIG . 7 . 
[ 0171 ] Action 2405 
[ 0172 ] In order to keep the PAPR low , the first network 
node 511 may use power back - off to avoid power saturation 
when needed , depending for example on the determined 
modulation scheme in Action 2404 . Hence , in this Action , 
the first network node 511 may , adjust the transmission 
power for the at least one first set of time - frequency 
resources 1201 and the second set of time - frequency 
resources 1202 below a determined threshold in order to 
reduce power saturation . In this case , the first communica 
tion node 511 may adjust the transmission power based on 
the outcome of the comparison of the transmission powers . 
[ 0173 ] FIG . 25 is a schematic diagram representing the 
actions of FIG . 24 . In FIG . 25 , the transmission power for 
the third set of time - frequency resources 1203 is represented 
as Pd . The transmission power for the at least one of the first 
set of time - frequency resources 1201 and the second set of 
time - frequency resources 1202 is represented as Pc . In the 
example of FIG . 25 , the determining of the first modulation 
scheme of Action 2404 is done between a modulation 
scheme which is an MCM and a modulation scheme that is 
a low PAPR modulation scheme . 
[ 0174 ] To perform at least some of the method actions 
described above in relation to FIGS . 11 - 25 , the first com 
munication node 511 is configured to perform any one of m 

transmission and reception in at least one of : the first set of 
time - frequency resources 1201 in the frame 1200 of time 
frequency resources , and the second set of time - frequency 
resources 1202 in the frame 1200 . The first and the second 
set of time - frequency resources 1201 , 1202 in the frame 
1200 are reserved for communication of the reference signal 
and / or control information in the pre - arranged direction . The 
direction of communication is one of : transmission and 
reception to or from the one or more second communication 
nodes 512 . The first communication node 511 may comprise 
the following arrangement depicted in FIG . 26 . As already 
mentioned , the first communication node 511 and the one or 
more second communication nodes 512 are configured to 
operate in the communications network 500 . 
[ 0175 ] The detailed description of some of the following 
corresponds to the same references provided above , in 
relation to the actions described for the first communication 
node 511 , and will thus not be repeated here . 
[ 0176 ] For example , the first communication 511 node 
may be the wireless device 121 or the network node 110 in 
the wireless communication network 100 . 
10177 ] The first communication node 511 is further con - 
figured to , e . g . , by means of a determining module 2601 

configured to , determine that the direction of communica 
tion of at least one of the first and second set of time 
frequency resources 1201 , 1202 is to be switched for at least 
one frame 1200 to the determined switched direction . 
[ 0178 ] The determining module 2601 may be a processor 
2606 of the first communication node 511 . 
0179 ] . In some embodiments , the determined switched 
direction corresponds to the pattern . 
[ 0180 ] In some embodiments , the determined switched 
direction is one of : the pre - agreed direction with the one or 
more second communication nodes 512 , and the autono 
mously determined switched direction . 
[ 0181 ] In some embodiments , the set of time - frequency 
resources determined to switch communication direction is 
configured to be determined based on one of : pseudo 
random , prearranged and based on a current time . 
[ 0182 ] In some embodiments , the at least one frame 1200 
further comprises a third set of time - frequency resources 
1203 used for transmission or reception of data . 
[ 0183 ] The first communication node 511 may be further 
configured to , e . g . , by means of the determining module 
2601 configured to , determine that the second set of time 
frequency resources 1202 is the subset of time - frequency 
resources in the third set of time - frequency resources 1203 , 
wherein the subset of time - frequency resources is to com 
prise reference signal and / or control information to be 
transmitted or received in the same direction as the data in 
time - frequency resources in the third set of time - frequency 
resources 1203 . 
[ 0184 ] The first communication node 511 is further con 
figured to , e . g . , by means of a performing module 2602 
configured to , perform one of transmission or reception of 
control information in the at least one of the first and second 
set of time - frequency resources 1201 , 1202 according to the 
determined switched direction to or from , one or more third 
communication nodes 513 configured to operate in the 
communications network 500 . 
[ 0185 ] The performing module 2602 may be the processor 
2606 of the first communication node 511 . 
[ 0186 ] In some embodiments , to perform may further 
comprise to perform transmission or reception of the refer 
ence signal and / or control information in at least one subset 
of the first set of time - frequency resources 1201 and / or the 
subset of time - frequency resources in the third set of time 
frequency resources 1203 to or from the one or more third 
communication nodes 513 . 
[ 0187 ] In some embodiments , the at least one frame 1200 
may further comprise the third set of time - frequency 
resources 1203 used for transmission or reception of data . 
The first communication node 511 may be further configured 
to , e . g . , by means of a modulation module 2603 configured 
to , modulate the reference signal and / or control information 
in at least one of the first set of time - frequency resources 
1201 and the second set of time - frequency resources 1202 
according to the first modulation scheme , wherein the first 
modulation scheme is capable of simultaneous transmis 
sions of multiple independent signals . 
[ 0188 ] The modulation module 2603 may be the processor 
2606 of the first communication node 511 . 
10189 ] . The first communication node 511 may be further 
configured to , e . g . , by means of the modulation module 2603 
configured to , modulate the data in the third set of time 
frequency resources 1203 according to the second modula 
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tion scheme , wherein the second modulation scheme is a 
different modulation scheme than the first modulation 
scheme . 
[ 0190 ] In some embodiments , the reference signal and / or 
control information in the subset of time - frequency 
resources in the third set of time - frequency resources 1203 
is configured , e . g . , by means of the modulation module 2603 
configured to , to be modulated using one of : a ) a different 
modulation scheme than the data in the time - frequency 
resources in the third set of time - frequency resources 1203 , 
and b ) the same modulation scheme as the control informa 
tion in the first set of time - frequency resources 1201 , 
wherein the used modulation scheme is one of : a multi 
carrier modulation scheme , or a single - carrier modulation 
scheme . 
[ 0191 ] In some embodiments , the subset of time - fre 
quency resources in the third set of time - frequency resources 
1203 corresponds to the first occurring time - frequency 
resources in the third set of time - frequency resources 1203 . 
[ 0192 ] In some embodiments , the second set of the time 
frequency resources in the frame 1200 corresponds to the 
last occurring time - frequency resources in the frame 1200 . 
[ 0193 ] In some embodiments , to modulate the reference 
signal and / or control information in at least one of the first 
set of time - frequency resources 1201 and the second set of 
time - frequency resources 1202 according to the first modu 
lation scheme further comprises to : a ) determine the trans 
mission power for the third set of time - frequency resources 
1203 ; b ) determine the transmission power for the at least 
one of the first set of time - frequency resources 1201 and the 
second set of time - frequency resources 1202 ; c ) compare the 
determined transmission power for the at least one of the 
first set of time - frequency resources 1201 and the second set 
of time - frequency resources 1202 , and the determined trans 
mission power for the third set of time - frequency resources 
1203 , and d ) determine the first modulation scheme based on 
the outcome of the comparison . 
[ 0194 ) In some embodiments , to modulate the reference 
signal and / or control information in at least one of the first 
set of time - frequency resources 1201 and the second set of 
time - frequency resources 1202 according to the first modu 
lation scheme further comprises to : adjust the transmission 
power for the at least one first set of time - frequency 
resources 1201 and the second set of time - frequency 
resources 1202 below the determined threshold in order to 
reduce power saturation . 
[ 0195 ] In some embodiments , to modulate further com 
prises to provide in the first modulation scheme the more 
robust channel coding than provided in the second modu 
lation scheme . 
[ 0196 ) . The first communication node 511 may be further 
configured to , e . g . , by means of a transmitting module 2604 
configured to , transmit a ) the modulated reference signal 
and / or control information in the one of the first set of 
time - frequency resources 1201 and the second set of time 
frequency resources 1202 the direction of communication of 
which is not to be switched , and b ) the modulated data in the 
third set of time - frequency resources 1203 to at least one 
second communication node 512 of the one or more second 
communication nodes 512 , wherein to perform one of trans 
mission or reception of control information comprises trans 
mission of the modulated reference signal and / or control 
information in the at least one first set of time - frequency 
resources 1201 and the second set of time - frequency 

resources 1202 to the one or more third communication 
nodes 513 configured to operate in the communications 
network 500 . 
[ 0197 ] The transmitting module 2604 may be the proces 
sor 2606 of the first communication node 511 . 
[ 0198 ] The embodiments herein may be implemented 
through one or more processors , such as the processor 2606 
in the first communication node 511 depicted in FIG . 26 , 
together with computer program code for performing the 
functions and actions of the embodiments herein . The pro 
gram code mentioned above may also be provided as a 
computer program product , for instance in the form of a data 
carrier carrying computer program code for performing the 
embodiments herein when being loaded into the in the first 
communication node 511 . One such carrier may be in the 
form of a CD ROM disc . It is however feasible with other 
data carriers such as a memory stick . The computer program 
code may furthermore be provided as pure program code on 
a server and downloaded to the first communication node 
511 . As indicated above , the processor 2606 may comprise 
one or more circuits , which may also be referred to as one 
or more modules in some embodiments , each configured to 
perform the actions carried out by the first communication 
node 511 , as described above in reference to FIGS . 11 - 25 , 
e . g . , the determining module 2601 , the performing module 
2602 , the modulation module 2603 , the transmitting module 
2604 , and other modules 2605 . Hence , in some embodi 
ments , determining module 2601 , the performing module 
2602 , the modulation module 2603 , the transmitting module 
2604 , and other modules 2605 , described above may be 
implemented as one or more applications running on one or 
more processors such as the processor 2606 . That is , the 
methods according to the embodiments described herein for 
the first communication node 511 may be respectively 
implemented by means of a computer program product , 
comprising instructions , i . e . , software code portions , which , 
when executed on at least one processor , cause the at least 
one processor to carry out the actions described herein , as 
performed by the first communication node 511 . The com 
puter program product may be stored on a computer - read 
able storage medium . The computer - readable storage 
medium , having stored thereon the computer program , may 
comprise instructions which , when executed on at least one 
processor , cause the at least one processor to carry out the 
actions described herein , as performed by the first commu 
nication node 511 . In some embodiments , the computer 
readable storage medium may be a non - transitory computer 
readable storage medium , such as a CD ROM disc , or a 
memory stick . In other embodiments , the computer program 
product may be stored on a carrier containing the computer 
program , wherein the carrier is one of an electronic signal , 
optical signal , radio signal , or the computer - readable storage 
medium , as described above . 
[ 0199 ] The first communication node 511 may further 
comprise a memory 2607 comprising one or more memory 
units . The memory 2607 may be arranged to be used to store 
obtained information , such as the information received by 
the processor 2606 , store data configurations , schedulings , 
and applications etc . . . . to perform the methods herein when 
being executed in the first communication node 511 and / or 
any information used by such applications or programs . 
Memory 2607 may be in communication with the processor 
2606 . Any of the other information processed by the pro 
cessor 2606 may also be stored in the memory 2607 . 
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[ 0200 ] In some embodiments , information e . g . , from any 
of the one or more second communication nodes 512 and the 
third communication node 513 , may be received through a 
receiving port 2608 or receiver RX . The receiving port 2608 
may be in communication with the processor 2606 . The 
receiving port 2608 may also be configured to receive other 
information or signals . 
[ 0201 ] The processor 2606 may be further configured to 
send messages , e . g . , to any of the one or more second 
communication nodes 512 and the third communication 
node 513 , through a sending port 2609 or transmitter TX , 
which may be in communication with the processor 2606 , 
and the memory 2607 . 
[ 0202 ] The first communication node 511 may further 
comprise an input / output interface , not shown , which may 
be used to communicate over a wired connection with other 
radio network entities or nodes in the wireless communica 
tions network 100 . 
[ 0203 ] Those skilled in the art will also appreciate that the 
any module within the first communication node 511 , e . g . , 
determining module 2601 , the performing module 2602 , the 
modulation module 2603 , the transmitting module 2604 , and 
other modules 26 described above , may refer to a combi 
nation of analog and digital circuits , and / or one or more 
processors configured with software and / or firmware , e . g . 
stored in the memory , that when executed by the one or more 
processors such as the processor 2606 , perform actions as 
described above , e . g . , in relation to any of FIGS . 11 and 24 . 
One or more of these processors , as well as the other digital 
hardware , may be included in a single application - specific 
integrated circuitry ( ASIC ) , or several processors and vari 
ous digital hardware may be distributed among several 
separate components , whether individually packaged or 
assembled into a system - on - a - chip ( SOC ) . As will be readily 
understood by those familiar with communications design , 
that functions from other circuits may be implemented using 
digital logic and / or one or more microcontrollers , micropro 
cessors , or other digital hardware . Several of the functions 
may be implemented on a processor shared with other 
functional components of a wireless terminal or network 
node , for example . 
[ 0204 ] Alternatively , several of the functional elements of 
processing circuits discussed may be provided through the 
use of dedicated hardware , while others are provided with 
hardware for executing software , in association with the 
appropriate software or firmware . Thus , the term “ proces 
sor ” or “ controller " as may be used herein does not exclu 
sively refer to hardware capable of executing software and 
may implicitly include , without limitation , digital signal 
processor ( DSP ) hardware , read - only memory ( ROM ) for 
storing software , random - access memory for storing soft 
ware and / or program or application data , and non - volatile 
memory . Other hardware , conventional and / or custom , may 
also be included . Designers of communications receivers 
will appreciate the cost , performance , and maintenance 
tradeoffs inherent in these design choices . The different 
actions taken by the different nodes may be implemented 
with different circuits . 
[ 0205 ] The terminology used in the detailed description of 
the particular embodiments illustrated in the accompanying 
drawings is not intended to be limiting of the described 
communication node or method therein . 
[ 0206 ] As used herein , the term “ and / or ” comprises any 
and all combinations of one or more of the associated listed 

items . Further , as used herein , the common abbreviation 
" e . g . ” , which derives from the Latin phrase " exempli gra 
tia , ” may be used to introduce or specify a general example 
or examples of a previously mentioned item , and is not 
intended to be limiting of such item . If used herein , the 
common abbreviation “ i . e . ” , which derives from the Latin 
phrase “ id est , ” may be used to specify a particular item from 
a more general recitation . The common abbreviation “ etc . " , 
which derives from the Latin expression “ et cetera ” meaning 
" and other things ” or “ and so on ” may have been used herein 
to indicate that further features , similar to the ones that have 
just been enumerated , exist . 
[ 0207 ] As used herein , the singular forms “ a ” , “ an ” and 
“ the ” are intended to comprise also the plural forms as well , 
unless expressly stated otherwise . It will be further under 
stood that the terms “ includes , " " comprises , " " including " 
and / or “ comprising , " when used in this specification , specify 
the presence of stated features , actions , integers , steps , 
operations , elements , and / or components , but do not pre 
clude the presence or addition of one or more other features , 
actions , integers , steps , operations , elements , components , 
and / or groups thereof . That is , when using the word “ com 
prise " or " comprising ” it shall be interpreted as non - limit 
ing , i . e . meaning " consist at least of ” . 
[ 0208 ] Unless otherwise defined , all terms comprising 
technical and scientific terms used herein have the same 
meaning as commonly understood by one of ordinary skill 
in the art to which the described embodiments belongs . It 
will be further understood that terms , such as those defined 
in commonly used dictionaries , should be interpreted as 
having a meaning that is consistent with their meaning in the 
context of the relevant art and will not be interpreted in an 
idealized or overly formal sense unless expressly so defined 
herein . 
0209 ] The embodiments herein are not limited to the 
above described preferred embodiments . Various alterna 
tives , modifications and equivalents may be used . Therefore , 
the above embodiments should not be taken as limiting the 
scope of the invention , which is defined by the appending 
claims . 
[ 0210 ] . Further description of particular examples related 
to embodiments herein , which may be combined with any of 
the embodiments just described : 

First Group of Related Examples 
[ 0211 ] Several examples are comprised herein . More spe 
cifically , the followings are communication node related 
examples : 
[ 0212 ] The communication node examples relate to FIGS . 
27 , 28 , 13 , 27 , 23 and 29 . 
[ 0213 ] The example depicted in FIG . 27 relates to a 
method in a communication node for determining a tx / rx 
direction for one or more control fields , and using the control 
field for tx or rx in the determined tx / rx direction . 
10214 ] The communication node examples relating to 
FIGS . 28 , 13 , 27 , 23 and 29 relate to a method performed by 
a communication node such as the first communication node 
511 for performing any one of : transmission and reception , 
in at least one of : the first set of time - frequency resources 
1201 in the frame 1200 of time - frequency resources , and the 
second set of time - frequency resources 1202 in the frame 
1200 , wherein the first and the second set of time - frequency 
resources 1201 , 1202 in the frame 1200 are reserved for 
communication of control information in a pre - arranged 
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direction , the direction of communication being one of : 
transmission and reception . With reference to FIG . 28 , the 
first communication node 511 operating in the communica 
tions network 500 , may comprise the actions of : 
[ 0215 ] a ) Determining 2801 that the direction of commu 
nication of at least one of the first and second set of 
time - frequency resources 1201 , 1202 is to be switched for at 
least one frame 1200 . This action 601 may be performed by 
a determining module 2901 within the communication node 
such as the first communication node 511 ; 
( 0216 ) . b ) Performing 2802 one of transmission or recep 
tion of control information in the at least one of the first and 
second set of time - frequency resources 1201 , 1202 accord 
ing to the determined switched direction to or from , respec 
tively , one or more third communication nodes 513 operat 
ing in the communications network 500 . This action 602 
may be performed by a performing module 2902 within the 
communication node such as the first communication node 
511 . 
[ 0217 ] To perform any of the method actions described 
above in relation to FIGS . 28 , 13 , 27 , 23 , the first commu 
nication node 511 may be configured to perform any of the 
above actions , e . g . , by means of the respective mentioned 
modules 2801 - 2802 . 
10218 ] . The first communication node 511 may comprise 
an interface unit to facilitate communications between the 
first communication node 511 and other nodes or devices , 
e . g . , UEs . The interface may , for example , include a trans 
ceiver configured to transmit and receive radio signals over 
an air interface in accordance with a suitable standard . 
( 0219 ] . In some embodiments , the determined switched 
direction is transmission , and the determining 201 that the 
direction of communication of at least one of the first and 
second set of time - frequency resources 1201 , 1202 is to be 
switched is only performed when there is control informa 
tion to transmit . 
[ 0220 ] In some embodiments all the actions may be per 
formed . In some embodiments , one or more actions may be 
performed . In some embodiments , the order of the actions 
illustrated in FIG . 28 may be changed in one or more 
actions . One or more embodiments may be combined , where 
applicable . All possible combinations are not described to 
simplify the description . 

determine that a subset of time - frequency resources in the 
third set of time - frequency resources 1203 is to comprise 
reference signal and / or control information to be transmitted 
or received in the same direction as the data in time 
frequency resources in the third set of time - frequency 
resources 1203 . Then , the first communication node 511 
may perform one of transmission or reception of the refer 
ence signal and / or control information in the subset of 
time - frequency resources in the third set of time - frequency 
resources 1203 to or from at least a third communication 
node 513 . 
[ 0224 ] In some embodiments , the subset of time - fre 
quency resources in the second set of time - frequency 
resources 1202 comprises reference signal information inter 
leaved with control information using precoded , or DFT 
precoded , interleaved FDMA . 
[ 0225 ] In some embodiments , the first communication 
node may perform one of transmission or reception by 
further performing transmission or reception of reference 
signal and / or control information in at least one subset of the 
first set of time - frequency resources 1201 and / or the subset 
of time - frequency resources in the second set of time 
frequency resources 1202 to or from a third communication 
node . 
[ 0226 ] According to a second and third aspect of examples 
herein , the object may be achieved by a wireless commu 
nication device and a network node performing the method 
described above , respectively . 
[ 0227 ] Example of embodiments of a method performed 
by the first communication node 511 for performing trans 
missions or reception in a frame 1200 of time - frequency 
resources in a wireless communications network 500 , will 
now be described with reference to the flowchart depicted in 
FIG . 30 . FIG . 30 illustrates an example of actions or 
operations which may be taken by the first communication 
node 511 . 
( 0228 ] Here , the frame 1200 comprises the first set of 
time - frequency resources 1201 used for transmission or 
reception of control information and the third set of time 
frequency resources 1203 used for transmission or reception 
of data . 
[ 0229 ] Action 3001 
10230 ) First , the first communication node 511 may deter 
mine that a subset of time - frequency resources in the third 
set of time - frequency resources 1203 is to comprise refer 
ence signal and / or control information to be transmitted or 
received in the same direction as the data in time - frequency 
resources in the third set of time - frequency resources 1203 . 
0231 ] It may also be noted that the first communication 
node 110 , 121 may , according to some embodiments , modu 
late the different fields using different modulation schemes 
or the same modulation scheme . Examples of modulations 
schemes comprise multi - carrier modulation such as OFDM , 
FBMC , filtered multi - tones and single - carrier schemes such 
as standard single carrier , pre - coded multi - carrier such as 
DFTS - OFDM , filter - bank - precoded FBMC , etc . 
( 0232 ] Furthermore , the first communication node 110 , 
121 may , in some embodiments , modulate the data in the 
data field may in similar way as the control field or in a 
different way that the control field . 
[ 0233 ] Action 3002 
[ 0234 ] The first communication node 511 then may per 
form one of transmission or reception of the reference signal 
and / or control information in the subset of time - frequency 

Second Group of Related Examples 
[ 0221 ] Other examples herein may relate to transmissions 
in a wireless communications network . In particular , 
examples herein relate to a communication node and a 
method therein for performing transmissions or reception in 
a frame 1200 of time - frequency resources in a wireless 
communications network . The communication node may be 
a wireless device or a network node in the wireless com 
munication network . 
[ 0222 ] It is an object of examples herein to improve the 
spectral efficiency in the wireless communication network . 
( 0223 ) According to a first aspect of embodiments herein , 
the object may be achieved by a method performed by the 
first communication node 511 for performing transmissions 
or reception in a frame 1200 of time - frequency resources in 
a wireless communications network . The frame 1200 com 
prises a first set of time - frequency resources 1201 used for 
transmission or reception of control information and a third 
set of time - frequency resources 1203 used for transmission 
or reception of data . The first communication node 511 may 
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resources in the third set of time - frequency resources 1203 
to or from at least the third communication node 513 . 
10235 ] . Also , in some embodiments , the first communica 
tion node 511 may use the control field and the data field and 
the optional control field , as described in Action 3003 below , 
to transmit to / receive from different directions and nodes , 
such as , additional nodes , i . e . a third communication node . 
[ 0236 ] Action 3003 
[ 0237 ] Optionally , the first communication node 511 may 
also perform one of transmission or reception of control 
information in a fourth set of time - frequency resources 
1501 . In this case , the frame 1200 may comprise a fourth set 
of time - frequency resources 1501 used for transmission or 
reception of control information and the fourth set of the 
time - frequency resources in the frame 1200 may correspond 
to the last occurring time - frequency resources in the frame 
1200 . 
[ 0238 ] By having the first communication node 511 as 
described in the embodiments above corresponding to 
Actions 3001 - 3003 , a frame 1200 structure is provided 
which is more spectral efficient in that it reserves only one 
control field , i . e . one set of time - frequency resources , for 
transmission or reception of reference signal and control 
information , and have another control filed , i . e . another set 
of time - frequency resources , being dynamically assigned / 
allocated for transmission or reception of reference signal 
and control information . 
[ 0239 ] To perform the method actions herein a first com 
munication node 511 in the form of the wireless device 121 
and the network node 110 may be provided . 
[ 0240 ] FIGS . 33 and 34 are block diagrams depicting the 
wireless device 121 and the network node 110 . The wireless 
device 121 is configured to perform the methods described 
for the first communication node 511 according to embodi 
ments herein described in relation to FIG . 30 . The network 
node 110 may also be configured to perform the methods 
described for the first communication node 511 according to 
embodiments herein . 
10241 ] The embodiments herein for performing transmis 
sions or reception in a frame 1200 of time - frequency 
resources in a wireless communications network 500 may be 
implemented through one or more processors 3101 in the 
wireless device 121 depicted in FIG . 33 , together with 
computer program code for performing the functions and / or 
method actions of the embodiments herein . The program 
code mentioned above may also be provided as a computer 
program product , for instance in the form of a data carrier 
carrying computer program code for performing embodi 
ments herein when being loaded into the wireless device 
121 . One such carrier may be in the form of a CD ROM disc . 
It is however feasible with other data carriers such as a 
memory stick . The computer program code may furthermore 
be provided as pure program code on a server and down 
loaded to the wireless device 121 . 
[ 0242 ] The wireless device 121 may comprise a receiving 
module 3102 , or receiver RX , and a transmitting module 
3103 , or transmitter TX , over which the wireless device 121 
may transmit / receive signals to other communication nodes , 
such as , e . g . the network node 110 or other wireless devices 
or network nodes . Also , the wireless device 121 may com 
prise a determining module 3104 and a performing module 
3105 for performing transmissions or reception in a frame 
1200 of time - frequency resources in a wireless communi - 
cations network 500 according to the embodiments herein . 

[ 0243 ] The wireless device 121 may further comprise a 
memory 3106 . The memory 3106 may , for example , be used 
to store applications or programs to perform the methods 
herein and / or any information used by such applications or 
programs . 
[ 0244 ] The embodiments herein for performing transmis 
sions or reception in a frame 1200 of time - frequency 
resources in a wireless communications network 100 may be 
implemented through one or more processors 3201 in the 
network node 110 depicted in FIG . 34 , together with com 
puter program code for performing the functions and / or 
method actions of the embodiments herein . The program 
code mentioned above may also be provided as a computer 
program product , for instance in the form of a data carrier 
carrying computer program code for performing embodi 
ments herein when being loaded into the network node 110 . 
One such carrier may be in the form of a CD ROM disc . It 
is however feasible with other data carriers such as a 
memory stick . The computer program code may furthermore 
be provided as pure program code on a server and down 
loaded to the network node 110 . 
[ 0245 ] The network node 110 may comprise a receiving 
module 3202 , or receiver RX , and a transmitting module 
3203 , or transmitter TX , over which the network node 110 
may transmit / receive signals to other communication nodes , 
such as , e . g . the wireless device 121 or other wireless 
devices or network nodes . Also , the network node 110 may 
comprise a determining module 3204 and a performing 
module 3205 for performing transmissions or reception in a 
frame 1200 of time - frequency resources in a wireless com 
munications network 500 according to the embodiments 
herein . 
[ 0246 ] The network node 110 may further comprise a 
memory 3206 . The memory 3206 may , for example , be used 
to store applications or programs to perform the methods 
herein and / or any information used by such applications or 
programs . 

Third Group of Related Examples 
[ 0247 ] Other examples herein relate to transmissions in 
the wireless communications network . In particular , 
embodiments herein relate to the first communication node 
511 and a method therein for performing transmissions or 
reception in the frame 1200 of time - frequency resources in 
the wireless communications network 500 . The first com 
munication node 511 may be a wireless device or a network 
node in the wireless communication network 500 . 
[ 0248 ] Examples herein may relate to the first communi 
cation node 511 and method therein for transmission or 
reception in the frame 1200 of time - frequency resources in 
the wireless communication network . 
[ 0249 ] According to a first aspect of examples herein , the 
object is achieved by a method performed by the first 
communication node 511 for performing transmissions in a 
frame 1200 of time - frequency resources in a wireless com 
munications network . The frame 1200 may comprise at least 
one first set of time - frequency resources 1201 used for 
transmission or reception of reference signal and / or control 
information and a third set of time - frequency resources 1203 
used for transmission or reception of data . The first com 
munication node 511 may modulate the reference signal 
and / or control information in the at least one first set of 
time - frequency resources 1201 according to a first modula 
tion scheme , wherein the first modulation scheme is capable 
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of simultaneous transmissions of multiple independent sig - 
nals . Also , the first communication node 511 may modulate 
the data in the third set of time - frequency resources 1203 
according to a second modulation scheme , wherein the 
second modulation scheme is a different modulation scheme 
than the first modulation scheme . Then , the first communi 
cation node 511 may transmit the modulated reference signal 
and / or control information in the at least one first set of 
time - frequency resources 1201 and the modulated data in 
the third set of time - frequency resources 1203 to at least the 
third communication node 513 . 
[ 0250 ] In some embodiments , the first communication 
node may when modulating the reference signal and / or 
control information in the at least one first set of time 
frequency resources 1201 according to a first modulation 
scheme , further determine a transmission power for the third 
set of time - frequency resources 1203 , determine a transmis 
sion power for the at least one first set of time - frequency 
resources 1201 , compare the determined transmission power 
for the at least one first set of time - frequency resources 1201 
and the determined transmission power for the third set of 
time - frequency resources 1203 , and determine the first 
modulation scheme based on the outcome of the comparison 
of the comparing of the transmission powers . 
[ 0251 ] In some embodiments , the the first communication 
node 511 may when modulating the reference signal and / or 
control information in the at least one first set of time 
frequency resources 1201 according to a first modulation 
scheme , adjust the transmission power for the at least one 
first set of time - frequency resources 1201 below a deter 
mined threshold , e . g . in order to reduce power saturation . In 
this case , according to some embodiments , the first com 
munication node may adjust the transmission power based 
on the outcome of the comparison of the comparing of the 
transmission powers . 
[ 0252 ] In some embodiments , the first communication 
node may when modulating the reference signal and / or 
control information in the at least one first set of time 
frequency resources 1201 according to the first modulation 
scheme , further provide in the first modulation scheme a 
more robust channel coding than provided in the second 
modulation scheme . 
[ 0253 ] In some embodiments , the first communication 
node 511 may further transmit reference signal and / or con 
trol information in the at least one first set of time - frequency 
resources 1201 to at least the second communication node 
512 . 
[ 0254 ] According to a second and third aspect of embodi 
ments herein , the object is achieved by the wireless device 
121 and the network node 110 performing the method 
described above , respectively . 
[ 0255 ] Example of embodiments of a method performed 
by the first communication node 511 for performing trans 
missions or reception in the frame 1200 of time - frequency 
resources in the wireless communications network 500 , will 
now be described with reference to the flowchart depicted in 
FIG . 32 . FIG . 33 illustrates an example of actions or 
operations which may be taken by the first communication 
node 511 . The first communication node 511 may in some 
embodiments be the wireless device 121 or the network 
node 110 in the wireless communications network 500 . 
[ 0256 ] Here , the frame 1200 comprises at least one first set 
of time - frequency resources 1201 used for transmission or 
reception of reference signal and / or control information and 

the third set of time - frequency resources 1203 used for 
transmission or reception of data . 
0257 ) Action 3301 
[ 0258 ] First , the first communication node 511 may modu 
late the reference signal and / or control information in the at 
least one first set of time - frequency resources 1201 accord 
ing to the first modulation scheme , wherein the first modu 
lation scheme is capable of simultaneous transmissions of 
multiple independent signals . 
[ 0259 ] Action 3302 
[ 0260 ] The first communication node 511 may also modu 
late the data in the third set of time - frequency resources 
1203 according to the second modulation scheme , wherein 
the second modulation scheme is a single carrier modulation 
scheme . 
[ 0261 ] Action 3303 
[ 0262 ] . Then , the first communication node 511 may trans 
mit the modulated reference signal and / or control informa 
tion in the at least one first set of time - frequency resources 
1201 and the modulated data in the third set of time 
frequency resources 1203 to at least the third communica 
tion node 513 . 
[ 0263 ] FIG . 25 illustrates an example of actions or opera 
tions which may be taken by the first communication node 
511 as part of modulating the reference signal and / or control 
information in the at least one first set of time - frequency 
resources 1201 according to the first modulation scheme , i . e . 
Action 3301 . 
[ 0264 ] Action 2501 
[ 0265 ] The first communication node 511 may determine 
the transmission power for the third set of time - frequency 
resources 1203 . 
[ 0266 ] Action 2502 
[ 0267 ] The first communication node 511 may also deter 
mine the transmission power for the at least one first set of 
time - frequency resources 1201 . 
[ 0268 ) Action 2503 
[ 0269 ] Then , the first communication node 511 may com 
pare the determined transmission power for the at least one 
first set of time - frequency resources 1201 and the deter 
mined transmission power for the third set of time - frequency 
resources 1203 . 
[ 0270 ] Action 2504 
10271 ] Based on the outcome of the comparison in Action 
2503 , the first communication node 511 may determine the 
first modulation scheme . 
0272 ] Action 2505 

[ 0273 ] Optionally , the first communication node 511 may 
adjust the transmission power for the at least one first set of 
time - frequency resources 1201 below a determined thresh 
old in order to avoid power saturation . 
[ 0274 ] To perform the method actions herein the first 
communication node 511 may in the form of the wireless 
device 121 and the network node 110 are provided . 
[ 0275 ] FIGS . 31 and 32 are a block diagrams depicting the 
wireless device 121 and the network node 110 . The wireless 
device 121 is configured to perform the methods described 
for a communication node according to embodiments 
herein . The network node 110 is also configured to perform 
the methods described for a communication node according 
to embodiments herein . 
[ 0276 ] The embodiments herein for performing transmis 
sions or reception in a frame 1200 of time - frequency 
resources in a wireless communications network 500 may be 
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implemented through one or more processors 3101 in the 
wireless device 121 depicted in FIG . 33 , together with 
computer program code for performing the functions and / or 
method actions of the embodiments herein . The program 
code mentioned above may also be provided as a computer 
program product , for instance in the form of a data carrier 
carrying computer program code for performing embodi 
ments herein when being loaded into the wireless device 
121 . One such carrier may be in the form of a CD ROM disc . 
It is however feasible with other data carriers such as a 
memory stick . The computer program code may furthermore 
be provided as pure program code on a server and down 
loaded to the wireless device 121 . 
[ 0277 ] The wireless device 121 may comprise a receiving 
module 3102 , or receiver RX , and a transmitting module 
3103 , or transmitter TX , over which the wireless device 121 
may transmit / receive signals to other communication nodes , 
such as , e . g . the network node 110 or other wireless devices 
or network nodes . Also , the wireless device 121 may com 
prise a determining module 3104 and a performing module 
3105 for performing transmissions or reception in a frame 
1200 of time - frequency resources in a wireless communi 
cations network 500 according to the embodiments herein . 
[ 0278 ] The wireless device 121 may further comprise a 
memory 3106 . The memory 3106 may , for example , be used 
to store applications or programs to perform the methods 
herein and / or any information used by such applications or 
programs . 

[ 0279 ] The embodiments herein for performing transmis 
sions or reception in a frame 1200 of time - frequency 
resources in a wireless communications network 100 may be 
implemented through one or more processors 3201 in the 
network node 110 depicted in FIG . 34 , together with com 
puter program code for performing the functions and / or 
method actions of the embodiments herein . The program 
code mentioned above may also be provided as a computer 
program product , for instance in the form of a data carrier 
carrying computer program code for performing embodi 
ments herein when being loaded into the network node 110 . 
One such carrier may be in the form of a CD ROM disc . It 
is however feasible with other data carriers such as a 
memory stick . The computer program code may furthermore 
be provided as pure program code on a server and down 
loaded to the network node 110 . 
[ 0280 ] The network node 110 may comprise a receiving 
module 3202 , or receiver RX , and a transmitting module 
3203 , or transmitter TX , over which the network node 110 
may transmit / receive signals to other communication nodes , 
such as , e . g . the wireless device 121 or other wireless 
devices or network nodes . Also , the network node 110 may 
comprise a determining module 3204 and a performing 
module 3205 for performing transmissions or reception in a 
frame 1200 of time - frequency resources in a wireless com 
munications network 500 according to the embodiments 
herein . 
[ 0281 ] The network node 110 further comprises a memory 
3206 . The memory 3206 may , for example , be used to store 
applications or programs to perform the methods herein 
and / or any information used by such applications or pro 
grams . The network node 110 may further comprise an 
input / output interface ( not shown ) , which may be used to 
communicate over a wired connection with other radio 

network entities or nodes in the wireless communications 
network 500 . 

1 - 30 . ( canceled ) 
31 . A method , performed by a first communication node , 

for performing any one of transmission and reception in at 
least one of : a first set of time - frequency resources in a frame 
of time - frequency resources , and a second set of time 
frequency resources in the frame , wherein the first and the 
second set of time - frequency resources in the frame are 
reserved for communication of reference signal and / or con 
trol information in a pre - arranged direction , the direction of 
communication being one of : transmission and reception to 
or from one or more second communication nodes , the first 
communication node and the one or more second commu 
nication nodes operating in a communications network , and 
the method comprising : 

determining that the direction of communication of at 
least one of the first and second set of time - frequency 
resources is to be switched , for at least one frame , to a 
determined switched direction ; and 

performing one of transmission or reception of control 
information in the at least one of the first and second set 
of time - frequency resources of the determined 
switched direction to or from , one or more third com 
munication nodes operating in the communications 
network . 

32 . The method of claim 31 , wherein the determined 
switched direction corresponds to a pattern . 

33 . The method of claim 31 , wherein the determined 
switched direction is one of : 

a pre - agreed direction with the one or more second 
communication nodes ; and 

an autonomously determined switched direction . 
34 . The method of claim 31 , wherein the set of time 

frequency resources determined to switch communication 
direction is determined based on one of : 

pseudo - random ; 
prearranged ; and 
based on a current time . 
35 . The method of claim 31 : 
wherein the at least one frame further comprises a third set 
of time - frequency resources used for transmission or 
reception of data ; and 

wherein the method further comprises determining that 
the second set of time - frequency resources is a subset 
of time - frequency resources in the third set of time 
frequency resources ; and 

wherein the subset of time - frequency resources is to 
comprise reference signal and / or control information to 
be transmitted or received in the same direction as the 
data in time - frequency resources in the third set of 
time - frequency resources . 

36 . The method of claim 35 , wherein the performing 
comprises performing transmission or reception of the ref 
erence signal and / or control information in at least one 
subset of the first set of time - frequency resources and / or the 
subset of time - frequency resources in the third set of time 
frequency resources to or from the one or more third 
communication nodes 

37 . The method of claim 35 : 
wherein the reference signal and / or control information in 

the subset of time - frequency resources in the third set 
of time - frequency resources is modulated using one of : 
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a ) a different modulation scheme than the data in the 
time - frequency resources in the third set of time 
frequency resources ; and 

b ) the same modulation scheme as the control infor 
mation in the first set of time - frequency resources ; 

wherein the used modulation scheme is one of : 
a multi - carrier modulation scheme ; or 
a single - carrier modulation scheme . 

38 . The method of claim 35 , wherein the subset of 
time - frequency resources in the third set of time - frequency 
resources corresponds to the first occurring time - frequency 
resources in the third set of time - frequency resources . 

39 . The method of claim 35 , wherein the second set of the 
time - frequency resources in the frame corresponds to the 
last occurring time - frequency resources in the frame . 

40 . The method of claim 31 , wherein the at least one 
frame further comprises a third set of time - frequency 
resources used for transmission or reception of data , and 
wherein the method further comprises : 
modulating the reference signal and / or control informa 

tion in at least one of the first set of time - frequency 
resources and the second set of time - frequency 
resources of a first modulation scheme , wherein the 
first modulation scheme is capable of simultaneous 
transmissions of multiple independent signals ; 

modulating the data in the third set of time - frequency 
resources of a second modulation scheme , wherein the 
second modulation scheme is a different modulation 
scheme than the first modulation scheme ; and 

transmitting a ) the modulated reference signal and / or 
control information in the one of the first set of time 
frequency resources and the second set of time - fre 
quency resources the direction of communication of 
which is not to be switched , and b ) the modulated data 
in the third set of time - frequency resources to at least 
one second communication node of the one or more 
second communication nodes ; 

wherein the performing one of transmission or reception 
of control information comprises transmission of the 
modulated reference signal and / or control information 
in the at least one first set of time - frequency resources 
and the second set of time - frequency resources to the 
one or more third communication nodes operating in 
the communications network . 

41 . The method of claim 40 , wherein the modulating the 
reference signal and / or control information in at least one of 
the first set of time - frequency resources and the second set 
of time - frequency resources of the first modulation scheme 
comprises 

determining a transmission power for the third set of 
time - frequency resources ; 

determining a transmission power for the at least one of 
the first set of time - frequency resources and the second 
set of time - frequency resources ; 

comparing the determined transmission power for the at 
least one of the first set of time - frequency resources and 
the second set of time - frequency resources , and the 
determined transmission power for the third set of 
time - frequency resources , 

determining the first modulation scheme based on the 
outcome of the comparison of the comparing . 

42 . The method of claim 41 , wherein the modulating the 
reference signal and / or control information in at least one of 
the first set of time - frequency resources and the second set 

of time - frequency resources of the first modulation scheme 
comprises adjusting the transmission power for the at least 
one first set of time - frequency resources and the second set 
of time - frequency resources below a determined threshold in 
order to reduce power saturation . 
43 . The method of claim 40 , wherein the modulating 

comprises providing a more robust channel coding in the 
first modulation scheme than provided in the second modu 
lation scheme . 

44 . The method of claim 31 , wherein the first communi 
cation node is a wireless device or a network node in the 
wireless communication network . 

45 . A non - transitory computer readable recording medium 
storing a computer program product for performing , by a 
first communication node , any one of transmission and 
reception in at least one of : a first set of time - frequency 
resources in a frame of time - frequency resources , and a 
second set of time - frequency resources in the frame , wherein 
the first and the second set of time - frequency resources in 
the frame are reserved for communication of reference 
signal and / or control information in a pre - arranged direc 
tion , the direction of communication being one of : trans 
mission and reception to or from one or more second 
communication nodes , the first communication node and the 
one or more second communication nodes operating in a 
communications network , the computer program product 
comprising software instructions which , when run on pro 
cessing circuitry of the network first communication node , 
causes the first communication node to : 

determine that the direction of communication of at least 
one of the first and second set of time - frequency 
resources is to be switched , for at least one frame , to a 
determined switched direction ; and 

perform one of transmission or reception of control infor 
mation in the at least one of the first and second set of 
time - frequency resources of the determined switched 
direction to or from , one or more third communication 
nodes operating in the communications network . 

46 . A first communication node configured to perform any 
one of transmission and reception in at least one of : a first 
set of time - frequency resources in a frame of time - frequency 
resources , and a second set of time - frequency resources in 
the frame , wherein the first and the second set of time 
frequency resources in the frame are reserved for commu 
nication of reference signal and / or control information in a 
pre - arranged direction , the direction of communication 
being one of : transmission and reception to or from one or 
more second communication nodes , the first communication 
node and the one or more second communication nodes 
being configured to operate in a communications network , 
and the first communication node comprising : 

processing circuitry ; 
memory containing instructions executable by the pro 

cessing circuitry whereby the first communication node 
is operative to : 
determine that the direction of communication of at 

least one of the first and second set of time - frequency 
resources is to be switched for at least one frame to 
a determined switched direction , and 

perform one of transmission or reception of control 
information in the at least one of the first and second 
set of time - frequency resources of the determined 
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switched direction to or from , one or more third 
communication nodes configured to operate in the 
communications network . 

47 . The first communication node of claim 46 , wherein 
the determined switched direction corresponds to a pattern . 

48 . The first communication node of claim 46 , wherein 
the determined switched direction is one of : a pre - agreed 
direction with the one or more second communication 
nodes , and an autonomously determined switched direction . 

49 . The first communication node of claim 46 , wherein 
the instructions are such that the first communication node 
is operative to determine the set of time - frequency resources 
to switch communication direction based on one of : pseudo 
random , prearranged , and a current time . 

50 . The first communication node of claim 46 : 
wherein the at least one frame further comprises a third set 

of time - frequency resources used for transmission or 
reception of data ; and 

wherein the instructions are such that the first communi 
cation node is operative to determine that the second set 
of time - frequency resources is a subset of time - fre 
quency resources in the third set of time - frequency 
resources ; and 

wherein the subset of time - frequency resources is to 
comprise reference signal and / or control information to 
be transmitted or received in the same direction as the 
data in time - frequency resources in the third set of 
time - frequency resources . 

51 . The first communication node of claim 50 , wherein 
the instructions are such that the first communication node 
is operative to perform the one of transmission or reception 
of the control information by performing transmission or 
reception of the reference signal and / or control information 
in at least one subset of the first set of time - frequency 
resources and / or the subset of time - frequency resources in 
the third set of time - frequency resources to or from the one 
or more third communication nodes . 

52 . The first communication node of claim 50 : 
wherein the reference signal and / or control information in 

the subset of time - frequency resources in the third set 
of time - frequency resources is configured to be modu 
lated using one of : 
a ) a different modulation scheme than the data in the 

time - frequency resources in the third set of time 
frequency resources ; and 

b ) the same modulation scheme as the control infor 
mation in the first set of time - frequency resources ; 

wherein the used modulation scheme is one of : 
a multi - carrier modulation scheme , or 
a single - carrier modulation scheme . 

53 . The first communication node of claim 50 , wherein 
the subset of time - frequency resources in the third set of 
time - frequency resources corresponds to the first occurring 
time - frequency resources in the third set of time - frequency 
resources . 

54 . The first communication node of claim 50 , wherein 
the second set of the time - frequency resources in the frame 
corresponds to the last occurring time - frequency resources 
in the frame . 

55 . The first communication node of claim 46 : 
wherein the at least one frame further comprises a third set 

of time - frequency resources used for transmission or 
reception of data ; and 

wherein the instructions are such that the first communi 
cation node is operative to : 
modulate the reference signal and / or control informa 

tion in at least one of the first set of time - frequency 
resources and the second set of time - frequency 
resources of a first modulation scheme , wherein the 
first modulation scheme is capable of simultaneous 
transmissions of multiple independent signals ; 

modulate the data in the third set of time - frequency 
resources of a second modulation scheme , wherein 
the second modulation scheme is a different modu 
lation scheme than the first modulation scheme ; and 

transmit a ) the modulated reference signal and / or con 
trol information in the one of the first set of time 
frequency resources and the second set of time 
frequency resources the direction of communication 
of which is not to be switched , and b ) the modulated 
data in the third set of time - frequency resources to at 
least one second communication node of the one or 
more second communication nodes ; 

wherein to perform one of transmission or reception of 
control information comprises transmission of the 
modulated reference signal and / or control information 
in the at least one first set of time - frequency resources 
and the second set of time - frequency resources to the 
one or more third communication nodes configured to 
operate in the communications network . 

56 . The first communication node of claim 55 , wherein to 
modulate the reference signal and / or control information in 
at least one of the first set of time - frequency resources and 
the second set of time - frequency resources of the first 
modulation scheme comprises : 

determining a transmission power for the third set of 
time - frequency resources ; 

determining a transmission power for the at least one of 
the first set of time - frequency resources and the second 
set of time - frequency resources ; 

comparing the determined transmission power for the at 
least one of the first set of time - frequency resources and 
the second set of time - frequency resources , and the 
determined transmission power for the third set of 
time - frequency resources ; 

determining the first modulation scheme based on the 
outcome of the comparison . 

57 . The first communication node of claim 56 , wherein to 
modulate the reference signal and / or control information in 
at least one of the first set of time - frequency resources and 
the second set of time - frequency resources of the first 
modulation scheme comprises adjusting the transmission 
power for the at least one first set of time - frequency 
resources and the second set of time - frequency resources 
below a determined threshold in order to reduce power 
saturation . 

58 . The first communication node of claim 55 , wherein to 
modulate comprises to provide a more robust channel cod 
ing in the first modulation scheme than provided in the 
second modulation scheme . 
59 . The first communication node of claim 46 , wherein 

the first communication node is a wireless device or a 
network node in the wireless communication network . 

* * * * * 


